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ABSTRACT

The present imvestigation on Anchar Lake was undertaken during 2000-01 and deals with the

peneral ecology of phvioplankion in ihe lake coosystem. Owverall 143 specics of aljgac were repornicd from
the lake basin. In general, the phyvtoplankion exhibited its peak growth during summer and s very low
growih durning winier. The growih and sbundance of pinioplankion are closch related 1o phyvsaco-chemiacal
characteristics of water besades climatic conditions sspenially the temperature On the basis of phvtoplankion
population the lake s at present undergoing accelerated cultural cutrophication
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INTRODUCTION

The valley lakes, indispensable aquatic ecosystems, are enveloped on all the sides by
the Himalayan mountains. They are irreplaceable natural waterbodies aboding & nch and
diverse gene pool These waterbodies also provide food, fodder, green manure and vegetables
besides being potential sources of water and recreation. Nevertheless, some of the lakes
like. Anchar has shown pronounced trophic evolution due to fast growing human populations
and urbanisation in the catchment of the lake (Zutshi of of , 1980, Pandit, 1996, 99)
Development of floating gardens for agricultural purposes and the utilisation of lake waters
for navigation and disposal of sewage and sewerage from the surrounding human habitation,
in addition to natural siltation and the toxic effluents coming out from Sheri-Kashmir Institute
of Medical Sciences (SKIMS) complex (Bhat er af , 2001) are greatly responsible for the
deterioration of the lakes environment which subsequently have severely disturbed the
ecology of both plant and animal communities

Very few ecological investigations have been published on the plankton populations
of freshwaters of Kashmir Himalava (Kaul ef af |, 1978, Pandit, 1980, Zutshi ef af , 1980,
Kaul and Pandit, 1982, Yousuf ef al, 1986, Pandit, 1993, 96, 98, 2000 and Sarwar, 1999)
but so far as the Anchar Lake is concerned not much information is available vis-d-vis
phytoplankton dynamics. It is in this backdrop, Anchar Lake was selected and the present
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study, therefore, encompasses the study on species composition, seasonal vananon and
seasonal succession of phytoplankton communities in relation to the operative imnfluence of
physico-chemical environment. The study will help us in understanding the current trophic
status of the lake.

STUDY AREA

Anchar Lake, is situated 14 km to the northwest of Srinngar city at an altitude of
1584 m a.sl. within the geographical coordinates of 34" 20" - 34" 26' N lat. and 74.82 -
74.85" E long The lake is connected 1o the Khusalsar Lake which i in tum 15 connected
to a famous Dal Lake through a small inflow channel, Nalla Amir Khan However, a network
of channels resulting in a delta type formation from the cold water river Sind enter the lake
on its western shore. The lake is also fed by a number of springs present in the basin itself
and along ns penphery. Towards the northeast of this water-basin 15 situated the complex
of SKIMS draining its toxic effluents into the lake  The run-off from the surrounding paddy
fields mncluding floating gardens and sewage and sewerage from the surrounding human
habitation are also drained into the lake, thereby further enhancing the nutnient levels of the
lake

The lakeis heavily infested with thick macrophytic growth and the littorals, consututing
the major portion of the lake, are dominated by tall growing emergents ke Plragmites
australis, Iypha angustata and Sparganium erectum. However, dense patches of low
growing emergents like Myriophylfum verticiilanm are found ut sites receiving waste waters
The growth of submerged plants is, in general, restricted due to silt-impregnated water and
thick phytoplankton blooms resulting in algal mats. Deeper zones of the lake are manly
occupied by the sparse growth of submergeds like Ceratophylium demersum and
Potamogeton crispus. A number of floating islands (Radhs ) utihzed for vegetable cultrvation,
being developed in the margins, result in 2 mynad of channels which are heavily infested
with thick mats of obnoxious weed complexes hike Lemna-Salvinia In fact, Anchar Lake
has a great diversity of plant communities, wherein Zutshi (1975) reported twenty
associations and Kak (1981) reported forty-two macrophytic species from this natural
heritage of Kashmir

The four sites (1, 11, 111, I'V) selected differed on the basis on water depth, vegetation
and other biotic variables (Fig. 1)
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Fig.1. Map of Anchar Lake showing various sampling sites
73



Journs of Research & Develogment, Val 3 (2003)
ISSN 0aT2-5407

MATERIAL AND METHODS

The sampling was carnied out on monthly basis during April 2000-March 2001 and
the samples were thoroughly mixed in equal proportions to form a representative sample
of five itres, which was sieved through a plankton net of bolting silk {mesh size no. 20)
The plankton sample thus collected was preserved in 4% formaldehyde (APHA, 1998)
The quantitative estimation of phytoplankton was done under microscope, with the help of
Sedgwick Rafter cell of 1 ml capacity.

The unicellular algae were counted as individuals whereas in filamentous Cyvanophyceae
100 pm length of the filaments were taken as the equivalents. Similarly, the filamentous
Chlorophyceae were recorded as cells while in the colonial forms like Microcysits, Pandoring,
Folvox, Gomphosphaera, ete, the counting unit was the colony(Jumppanen, 1976).

Identification of the phytoplankton was done wath the help of standard works by Fritsch
{1935), Desikachary (1959), Randhawa (1959), Prescott (1970), Palmer (!980), Edmondson
{1992), Cox (1996), etc. The detailed chemical analysis of water samples followed the standard
methods of Golterman and Clymo (1969), APHA (1998) and Gupta (2000)

RESULTS
Physico-Chemical Characteristics of Water

The average and mean values for various physico-chemical features of lake water at
different study sites are summarised in Table |, Dunng the present investigation there were
pronounced fluctuations in the depth of waterbody with maximum depth {1.99 m) during
autumn and the minimum (1.03 m) during summer, However, the secchi visibility remained
high (0,64 m) dunng winter and low (043 m) duning summer. The water temperature of
the lake was highest (24 9°C) during summer as against the lowest (6.9 C) dunng winter
However, the dissolved oxygen values were more (4.4 mg I') in spring and less (2 42 mg
I") in autumn, The pH of the water, being towards alkaline side, fluctuated between & 14
and .05 with maxima and minima during summer and autumn respectively. The conductivity
values, an indication of total nutrient concentration, varied from 3232 uS cm™ to 408.4
uS cm’, with two extremes being obtained dunng spring and autumn respectively For
calcium, the values fluctuated between 29.7 mg I' and 50.3 mg 1", with highest calcium
content 50.3 mg " during winter as against the lowest (29,7 mg I'') being recorded during
summer. Magnesium followed a trend siomlar to that of calcium and ranged between 9.02
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mg I' to 18.2 mg I, The higher levels of sodium were found in the range from 4.8 to 15.7
mg I as against the lower levels (2.6 10 7.3 mg 1) of potassium. Alkalinity is a measure of

Table 1 : ﬁﬁiﬂ-:hmim characteristics of Anchar Lake during different seasons,

Parameters Spring Summer Autumn  Winter
1. Depthim A 138 103 1.09 107
: R 0497-1.73 0.72-1.24 0,72-1,72 0.62-1.67
2. Transparency(m) A .54 0,43 0.55 0.64
R 0.24-081 0.27-0.55 0.34-0.70 031-095
3. Temperature ("C) A 22.4 249 16.7 6.9
R 220-22% 24 3256 16.5-16.9 8. 7-74
4 [ssolved oxygen A 44 39 242 16
(mg I-1) R 34-512 3 6-427 1.5-4 06 3.11-4.0
5. pH A E 10 B 14 8.05 8.12
R 790819  797-841 794815 802811
6 Conductivity A 408 4 332.2 3232 330.7
(pS em-1) R 3623-4823 2820-4386 3086-3376 2790-3770
7. Calcium {mg ') A 338 29.7 493 °, 50.3
R 313372 27.4-33 54 45.4-52.1 47 4-52 8
8 Magnesium (mg I') A 10,2 a02 18.2 161
R 916-12.9 6.62-121 1606-198 146-179
9 Sodium (mg ') A - 4.8 15.7 87
K - 3.1-6.55 4. 7-17.9 B.0-9.10
10, Potassium (mg |') A - 26 7.3 29
R - 1.6-3.15 6.6-7.9 2.8-3.0
1. Alkalimty (mg I') A 3110 1350 3476 298 5
R 256.6-358 3 10 6-1606 3200-1813 2920-3100
12, Chloride (mg ') A 45.9 32.7 216 25.5
R 404-525 18 6-406  200-233 1% 0-29.0
13, Silicates (mg I') A 3.1 315 2. 3.9%
R 29-3.19 3 -3 25 | 68-2 48 3.20-4 47
14, WH3-N (g I') A 240.7 221 8 4912 407 1
R 1950-350:0  1B00-282.5 393 3-5683 362 5-450.0
15 NO3-N (pg 1) A 2703 2083 2472 1843
R 2376-3040 1406-2476 1990-321.6 [1350-280.0
16. TOPP (ug 1) A 503 B03 . 1562 145 1
R 353-T26 666-980 121.6-1783 1200-162.0
17.TPP (pg 1) A 2863 513.1 403 2 401 .8
R 2033-3576 371.6-603.3 2676-501.6 3725-4250

A = Average, R = Range
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buffering capacity of the water with the values greatly fluctuating from 135.0 1o 347 6 mg
I, The maximum value was, however, attained in autumn and minimum in summer, For the
chloride concentration the values varied greatly at regular intervals with maximum (45 9
mgl"') during spring and minimum (21.6 mg I') during autumn. Similarly, the maximum
(3.98 mg ') silicate level was obtained in winter as against the minimum (2.1 mg I') in
autumn. For ammomical mtrogen, the maximum content (491.2 pg I') was obtained in
autumn and the minimum (221 8 pg I") in summer.  The concentration of orthphosphate
phosphorus was quite low (50.3 1o 156.2 ug I') as compared to total phosphate phosphorus
(286.3 to 513.1 ug I') In general, the maximum phosphorus concentration was obtained
during hotter months and minimum during the colder months of the year

Phytoplankion
L. Species composition

The phytoplankton exhibited a great diversity in species number at four different
sampling sites of Anchar Lake. During the present investigation a total of 143 phytopfankton
species and sub-species were recorded from the lake, out of which 31 belonged to
Cyanophyceae, 49 to Chlorophyceae, 40 to Bacillariophyceae, 14 to Euglenophyceae, and
03 each to Chrysophyceae, Dinophyceae and Xanthophyceae respectively (Table 2)

Table 2. Total number of phytoplankton species

Taxonomic groups Total number of species
A Cyanophyceae 3
B. Chlorophyceae 49
C Bacillariophycese 40
D Xanthophyceae 03
E. Chrysophyceae 03
F. Dinophvceae 03
G Euglenophyceae 14
Total 143
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I1. Seasonal variation in the population density

Pronounced seasonal variation occurred in the species composition and population
density of phytoplankton (Table 3), There were variations in spatial distribution of various
phytoplankters also,

Cyanophyceae

The most common species viz., Oscillatoria foream, 0. accuminata, Nodularia
spumigena, Chrococcus turgidus end Rividaria mimatuka occurred  throughout the year
and showed their maximum density at the peak stages of growth in summer However,
some of the species showed only temporal variations and species like Oscillaroria
proboscidae, O princeps, Lynghva aestwari, Aphanizomenon holsaticum, Nodulara sp
and Astramoeba radiosa were thus mostly restricted to spring and summer whereas species
namely Microcystis aeruginosa, Schizothrix sp., Oscillatoria nigra and Anabaena major
exhibited their mass occurrence in winter only, Of the study sites Cyanophyceae was the
most dominant at site - 11 during summer, being mainly composed of Oscillatoria forean,
Chlorophyceae

The most common species found throughout the year included  Chlorella vulgans,
Chiorococcum sp., Microspora amoena, Ulothrix sonata, Uronenema elongatum,
Dermatophyton radians, Oedocladium operculatum, Oedogonium sp., Spirogvea sp
Mougeotia sp., Zyvgnema cylindrospermum and Desmidium aptogonum. However, species
like Crommum pectorale, Pediastrum biradiatum, Scenedesmus quadricauda, Sphaerocysiis
schroeteri, 8. horvarum, Coleochaete soutata, Drapanaldiopsis sp , Closterium ehrenbergri,
. lesblenii and C. moniliferum had a long growth penod extending from spring to autumn
while as forms like Hormidium subtile, Hyalotheca sp , Pithophora sp. and Rhizoclonium
were thermophobic, loving to hive n cold waters

Among the study sites, the maximum density of green algae was registered during
summer at site -1 with Chlorella vulgaris, Pediastrum biradiatum and Spirogyra sp , each
making B0O ind/l, thus contributing the maximum towards the population density at the
study site

Bacillariophyceae

Most of the species occurring throughout the year included: Cymbella cismula,
Fragilaria capucina, Navicula subtillisma, Pinendaria mobilis, Ewnotia minor and Symedra
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ulna, Only one species (Dvaromella halfournana) was reponted to occur i spring, summer
and autumn, However, the species namely Pinmularia cincta, Asterionella formose and
Ceccaners placentula were restricted to winter season only Like the former group, the
maximum density of diatoms was observed at site | during summer. Nenvicwda subiillisma
with 900 ind/l, however. was the most dominant form at the study site during the season

Euglenophyceae

Species like Phacus suecica and P quinguemarginatus were regularly present
throughout the year However, species ke Trachelomonay hisprda, T intermedia and 7
plancionica were found in greet abundance in spring while as forms like Suglena loeps
and Cryproglena pigra mostly occurred dunng autumn. Among the study sites | agan
registered the maximum population with Englena deses (400 ind/1), being the most dominant

species dunng the spring

Chrysophyceae

The most dominant species, [inobryon borge), occurred throughout the year while
as [inebryon divergens was restricted to summer only. Site T and 11 exbubited the higher
density values, with species like Dinobryon borger and 1. stipitanem each with 400 ind/
making the decisive proportions of the group during spring

Dinophyceae

Cilenodinium guadridens was the only species found during both spring and summer
as against the forms like Perddinium sp. and Gymnedinium aeruginosum having restricted
growth in spring and summer respectively

Site | again depicted maximum density of the group during spring with Clemodimium
quadridens (300 md1) contnbuting the maximum towards the population density of the

group
Xanthophyceae
Though none of the species could make its presence throughuut the year yet species

like Fencheria aversa was found during spring, summer and sutumn as against Sofrpococcus
hramnii being found during the winter only. OF the study sites, site 11 had maximum populstion
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with Botrnyococess brawnin (300 ind/l), thus contributing significantly to the winter
phytoplankton

Total phytoplankton

The phytoplankton, in general. exhibited a long growth period extending from spring
to autumn, the growth being restricted during winter (cold water period). Site differences
showed site | registering the highest population density of 20,720 ind/l during summer In
contrast, the minimum of the populations (3120 ind/1) were obtained dunng winter & site
IV {Table 4)

11, Seasonal succession

The annual seasonal succession of phytoplankton based on relative density is depicted
m Table 5

Spring: :

Features of spring phvtoplankton were the donunance of Chlorophyceae (52.1-62.6%),
followed by Cyvanophyceae (18.2-25 1%), Bacillanophyceae (10 1-15.1%) and
Euglenophyceae (3 2-9 5%) in & decreasing order The order of the dominance was thus
Chlorophyceae > Cvanophyceae > Bacillaniophyceae > Euglenophyceae > Xanthophyceae
However, the site vanations depicted site IV having maximum relative density (62.6%) of
Chlorophyceae and site | having the lowest contribution of Xanthophyceae being, only
0.6%

Summer:

Among the vanous groups, the Chlorophyceae was the most dominant group with
relative density values ranging from 34.0 to 51 7, followed by Cyanophyceae (18 3 10
14.9%), Bacillariophyceae (1 5.2 to 30 6%), Xanthophyceae (0.1 to 4, 7%), Euglenophyceae
(2.3 to 4.0%) and Chrysophyceae (1 4 to 1.9 %) in a declining order Thus, the order of
dominance of summer phytoplankton was Chlorophyceae > Cyanophyceae =
Bacillariophyceae > Xanthophyceae ~Euglenophyceae. Like spring phytoplankton, site IV
registered maximum relative density for Chlorophyceae (51 7%) and, site | exhibited the
minimum of Xanthophyceae (0.1%)
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Automin:

The autumn phytoplankton again is charactensed by the dominance of Chlorophyeeae
ranging between 33 3 and 57.2%, followed by Bacillariophycese {19.5 - 38 %),
Cyanophyceae (13.9 - 24.6 %), Euglenophyceae (2.0-18 6%), Xanthophyceae (1, 1-1 4%)
and Chrysophyceae (zero-2.0%) in a decreasing order The sequence of autumn
phytoplankton groups recorded were thus Chlorophyceae >»Bacillanophyceae -~
Cvyanophyceae > Euglenophyceae > Xanthophyceae Unlike spring and summer
phytoplankton, during autumn the site 1l registered the maximum proportions of
Chlorophyceae (57.2%) as against the least for Xanthophyceae (1. 1%) at site L1l during the

SAME SCAS0N.
Winter:

During winter the proportion of Chlorophyceae was agamn maximum and that of
Chrysophyceae the minimum. The order of dominance of various taxononuie groups was
Chlorophyceae (23.0 - 42 6%) = Bacillanophyceae (16.0-34 8%) > Cyanophyeceae (199 -
33.5 %) > Euglenophyceae (9.0-25.6%) > Xanthophyceae (2 4 - 3.8%) > Chrysophyceae
(zero - 1.2%). There were again spatial variations with site 1l registering the maximum
relative density (42 6%) for Chlorophyceae and the site | showing minimum (1,2%) for
Chrysophyceae. In general, the seasonal succession of phytoplankton thus showed the
dominance of two major groups 1.e., Chlorophyceae and Cyanophyceae over other vanous
taXonomic groups.

DISCUSSION

The growth and abundance of phytoplankton are closely determined by the changes
in the physico-chemical charactenstics of water, besides biotic variables. The increasing
concentrations of phosphorus and the optimal ratio between phosphorus and nitrogen have
direct impact on the primary production and the development of phytoplankton community
during the initial phase of eutrophication (Jumppanen, 1976). Similarly, Kaul ef al (1978)
and Pandit (1980) reported that the freshwater bodies of Kashmir, rich in Calcium and
Magnesium, have thick populations of plankton, especially Cyanophyceae. The authors
opined that the higher amounts of Calcium and Magnesium help in the development of a
rich population of the blue-greens as calcium, in the form of calcium formate is, required
for the sheath formation of blue-greens while magnesium is an essential element for healthy
pigmentation, particularly of chlorophyll-a which the blue-greens contain (Fogg, ,1953)
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The development and abundance of blue-greens in Anchar Lake s, therefore, the outcome
of higher levels of both the ions. Chlorophyceae grows vigorously at site | duning the late
summer when the nitrate content ranged low, Similar results have also been obtamned by
Pearsall (1923), Singh (1960), Zafar (1964), Munawar (1970), Kaul er al (1978) and
Pandit {1980, 98), The comparatively higher transparency and temperature , however,
associated with low water level seems to be conductive for the dominance of filamentous
forms of green algae and the overall maximum phytoplankton density {10340 ind/1) at site
1 during summer. These findings are in consonance with the earlier findings of Kaul ef al |
{1978 and Pandit (1980) on Malgam Wetland in Kashmir, Dense populations of desmids
were not usually observed in calcium rich water of Anchar Lake as according to Pearsall
{1932 and Vass and Sachlan (1949) desmids form thick populations in water that are poor
in calcium, These results are in agreement with the present study wherein the highest
density of desmids (5200 ind/l) at site | were correlated with the lowest calcium level
{X=29.7 mgl") during summer. The higher values of silicates as reported for site 111 dunng
winter (4,47 mgl*) were also held responsible for the development of diatoms at the site.
These findings are also in agreement with the earlier findings of Pearsall (1932), Bailey-
Watts and Lund (1973) and Khan (1985), who believe that the diatom populations are well
dependent on the silicate content of water and two have a positive correlation,

Eugleninae starts emerging dunng late winter and showed peak development in early
spring. The group then start declining gradually during summer months. The peak
development in group seemed to be a function of higher amounts of both phosphorus and
nitrogen brought about by floods and effluents besides the availability of key elements after
decomposition. This assumption gains further support from the earlier findings of Zutshi
and Vass (1982) while working on Dal Lake, and other urban valley lakes of Kashmir The
most remarkable feature of phytoplankton of Anchar Lake is the thin population of
Dinobryon borgei (Chrysophyceae) and Peridinium sp. (Dinophyceae) and their almost
negligible contribution towards the total algal population, The extremely low population of
these species are attributed to the high phosphrous level (513.1 pg I') and its inhibitory
influence on the species as also reported by Rodhe (1948) and McMurry and Olive (1975).
The present study revealed, however, peak growth of phytoplankton in summer, with an
average density per site 9225 ind/l, as a result of regeneration and availability of minerals
due to the decomposition of organic matter in the sediments during autumn and spring
seasons. Authors like Poltoracka (1963), Davis (1964), Spondniewska (1974), and Kaul
el al, (1978) also support such a proposition . The high levels of P and N, therefore, justify
the mass bursts of algal groups at their peak productive stages, especially when the light
and temperature conditions are quite favourable for their growth. In conclusion, the present
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nutrient status and phytoplankton populations justify the placement of the Anchar Lake in
the advanced stages of eutrophication.
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