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                                A B S T R A C T                                                 

Introduction  

Phytoplanktons are single celled organisms, 
physiologically similar but microscopically 
smaller as compared to land plants. Like 
land plants, phytoplankton fix solar energy 
and carbon through photosynthesis, making 
it available for higher trophic levels 
(Gliwicz, 2002; Auer et al., 2004). 
Evolutionarily, they are the descendants of 
the ancestors which gave rise to both 
animals and plants more than 500 million     

years ago (Keeling et al., 2004). 
Phytoplanktons are regarded as the chief 
primary producers, forming an important 
link between the abiotic factors and the biota 
in any aquatic environment (Hulyal and 
Kaliwal, 2008). The magnitude and 
dynamics of phytoplankton are increasingly 
considered as bioindicators to assess the 
trophic status of an aquatic ecosystem 
(Baruah and Das, 2001; Shashi Shekhar et 
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The seasonality of primary productivity, phytoplankton density and species 
diversity of Lake Ramgarh was studied together with physico-chemical factors for 
one year on the basis of monthly sampling. Correlation between various physico-
chemical parameters, productivity and plankton groups were also calculated 
according to Karl Pearson's formula. The gross and net primary productions were 
recorded high (1.99 and 1.47 gCm-3h-1 respectively) during summer while relatively 
low (0.62 and 0.42 gCm-3h-1 respectively) during the winter season. The 
phytoplankton community of the lake belonged to three major groups and 
according to their density these groups ranked Bacillariophyceae (43.58%) > 
Chlorophyceae (33.41%) > Cynophyceae (23%). Nitzschia, Synedra and Navicula 
were the main contributors in density of Bacillariophyceae. Group Chlorophyceae 
was dominated by Closterium and Chlorella while Spirulina, Anabaena and 
Microcystis were the most common genera of Cynophyceae. These dominant forms 
also exhibited a clear seasonal succession. The phytoplankton number, represented 
by 32 species, also fluctuated seasonally, but tended to increase (20) in the summer 
period. At the same time the temperature (31.3oC) and concentration of dissolved 
O2 (9.5 mgL-1) and nutrients (Nitrate 10.8 mgL-1, Nitrite 1.8 mgl-1, Phosphate 0.12 
mgL-1, Sulphate 20.7 mgL-1) were also found higher. These results suggest that 
temperature, dissolved O2 and nutrients play a crucial role in the primary 
production and phytoplankton dynamics for Lake Ramgarh.  
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al., 2008). Phytoplankton standing crop 
exhibits definite seasonal patterns in aquatic 
ecosystems, based on several factors 
(Temponeras et al, 2000; Khuantrairong and 
Traichaiyaporn, 2008). The supply levels of 
major nutrients, light, grazing, water mixing 
regimes, basin morphometry and drainage 
from catchment area, for example, are 
known to influence the seasonal variations 
of phytoplankton abundance and primary 
production (Kagami et al., 2006).   

Rajasthan in spite of being a recognized 
state of arid condition is characterized by 
large number of water bodies both natural 
and manmade. These water bodies of arid 
and semi arid region are characterized by 
very low precipitation largely confined to 
the rainy season and extremely hig 
temperature. Jamwa Ramgarh Lake is an 
important water body of Jaipur, Rajasthan, 
India.it also source of potable water in 
addition to irrigation and pisciculture. But 
this water body is under constant threat due 
to scanty rains and increased human 
activities. It is therefore, essential to manage 
scientifically this water body to tap it 
maximum potentiality. So in the present 
study, an attempt was made to examine the 
seasonal variation of phytoplankton 
community and primary productivity of 
Lake Ramgarh with special reference to 
physical and chemical parameters of lake 
water.  

Materials and Methods  

Study area  

Ramgarh Lake is situated 3 km from Jamwa 
Ramgarh village and about 30 km. away 
from Jaipur city in the northeast direction. It 
lies between 27 32

 

N latitude and 75 32

 

E 
longitude at an elevation of 132.5 m above 
MSL. It is a huge artificial lake which was 
created by constructing a high bund amidst 

tree covered hills for drinking water supply 
to Jaipur city. The catchment area of 769 
km2 drains mostly the Aravalli hill ranges. 
At full reservoir level, reservoir covers 1260 
ha and has a maximum length of 7 km. The 
capacity of the reservoir is 59 million m3, 
the maximum and mean depths being 12.0 m 
and 10.2 m respectively. It has a shoreline of 
22.8 km and the shoreline development is 
1.81.  

Sample collection and estimations  

The studies were continued for a period of 
one year from October, 2005 to September, 
2006. The water and plankton samples were 
collected during morning hours on monthly 
basis from five different locations (1-5) of 
Ramgarh Lake in Jaipur (Fig. 1). For 
physico-chemical studies, water samples 
were collected in 500 ml plastic bottles. The 
water temperature was recorded by mercury 
thermometer for each site under study. 
Dissolved oxygen (DO2) was fixed on the 
spot in biological oxygen demand (BOD) 
bottles, brought to laboratory and analyzed 
by modified Winkler s method (APHA, 
1995). Various parameters like free carbon 
dioxide (free CO2), alkalinity, salinity, 
hardness, total solids (TS), biological 
oxygen demand (BOD) and chemical 
oxygen demand (COD) were estimated 
according to APHA (1995). Nitrate 
(inorganic) and phosphate (ortho) were 
estimated by the spectrophotometric method 
(Systronics 119).  

For the study of phytoplankton, the water 
samples were transferred to 500 ml 
polyethylene bottles. Then, 5 ml Lugol s 
iodine solution and 10-15 ml 4% formalin 
were added to it for fixation and 
preservation of planktonic cells. The 
organisms were identified under a 
microscope using specialized literatures 
(Edmondson, 1965; Needham and Needham, 
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1978; APHA, 1995). One ml of plankton 
sample was drawn and transferred to the 
Sedgwick Rafter counting cell for 
quantitative analysis. Each sample was 
counted five to eight times and average was 
taken for calculation. Density of plankton 
was calculated at each site, and expressed in 
No x 108 L-1.The frequency of occurrence of 
different phytoplankton species is 
represented as: dominant (50% or more), 
common (between 10% and 50%) and rare 
(below 10%).  

Primary productivity (GPP=Gross Primary 
Productivity and NPP= Net Primary 
Productivity) was measured following dark 
and light bottle method (Gaarder and Gran, 
1927). For this study 250 ml corning glass 
bottles were employed. The dark bottles 
were painted and further covered with cloth 
bag of black colour to prevent entry of sun 
light. Bottles used for incubation were 
suspended horizontally in the surface water 
for three hours. Before and after the 
incubation the dissolved oxygen was fixed 
in the field itself and estimated by the 
Winkler's method. These oxygen values 
were converted to carbon values by 
multiplying with the factor of 0.375 
(Sreenivasan, 1964). The results were 
computed in gC m-3 h-1 for GPP, NPP and 
respiration. The correlation of various 
physico-chemical parameters, phytoplankton 
groups and primary production were tested 
using Pearson Product- Moment Correlation 
(Pearson, 1920).                                                                   

Results and Discussion  

Phytoplankton density, diversity and 
productivity  

The physico-chemical factors were varied 
from season to season as shown in table 1. 
During the present study, water temperature 
varied between 16.0 and 31.3°C. Salinity 

values varied from 3.1 to 39.1 mgL-1 and the 
pH ranged between 7 and 8.7. The 
maximum and minimum values for hardness 
were 100.4 mgL-1 and 127.2 mgL-1 

respectively. Nitrate and phosphate content 
ranged between zero to 10.8 mgL-1 and 0.04 
to 0.12 mgL-1respectively. Water 
temperature, pH, dissolved O2, alkalinity, 
total hardness and nutrient concentrations 
showed maximum values during summer 
due to high temperature which enhanced 
evaporation of water resulting concentration 
of the salts (Nasar and Sharma, 1980). But 
total solids and salinity showed maximum 
values during monsoon. This may be due to 
inflow of soil and agriculture waste from the 
catchment area.  

The phytoplankton community of the lake 
belonged to three major groups and ranked 
Bacillariophyceae (diatoms) > 
Chlorophyceae (green algae) > 
Cyanophyceae (blue green algae) during the 
study period. It is apparent from Table 2 that 
out of 32 species reported, 12 belonged to 
Chlorophyceae, 11 to Bacillariophyceae and 
9 to Cyanophyceae. The total density of 
phytoplankton recorded varied between 
174.0 cells x 108 L-1 in January and 510.6 
cells x 108 L-1 in June 06 as shown in figure 
2. The observation indicates that 
numerically Chlorophyceae dominated 
during March to June. Bacillariophyceae 
was dominated for 7 months from July to 
August and from October to February while 
in the month of September Cyanophyceae 
was the dominant group.  

Observations on the seasonal distribution of 
different groups of phytoplankton with 
respect to their species number and density 
are presented in the figure 3. It is apparent 
from these figures that species diversity and 
total density was maximum in summer. It 
may be suggested that nutrient enrichment 
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enhances the growth of phytoplankton in 
summer season (Chun et al., 2007). 
Increasing phytoplankton population utilizes 
these nutrients by active absorption, 
resulting lower concentration of nutrient in 
monsoon season (Sommer, 1987; Reynolds, 
1997; Naselli-Flores, 2000). A drop in 
nitrate level to complete absence in October 
may be due to consumption by algae 
(Temponeras et al., 2000). Inter-annual 
variability in nutrient resources can also play 
an important role in the determination of 
phytoplankton distribution and abundance 
(Naselli-Flores, 2000).  

It is further apparent from the data that the 
minimum number of species of 
phytoplankton was recorded during the rainy 
season, while the total density of 
phytoplankton was found to be minimum 
during winter. It is known that during 
winter, low algal growth is due to low water 
temperature. Increasing illumination with 
the onset of summer followed by high 
availability of nutrients and water column 
turbulence strongly support the development 
of phytoplankton in summer months as 
reported by Naselli- Flores and Barone 
(2000), Garg et al. (2009) and Mukherjee et 
al. (2010).  

Correlation between various physico-
chemical parameters and different plankton 
groups of Ramgarh Lake is shown in table 3. 
Total phytoplankton density showed a 
positive correlation with temperature (r 
=0.76; p<0.01), dissolved O2 (r =0.67; 
p<0.05), alkalinity (r =0.59; p<0.05) and 
nitrate (r =0.62; p<0.05).  

A significant positive correlation between 
dissolved O2 and phytoplankton density may 
be due to its evolution from the latter 
through photosynthesis. The individual 
preference of different phytoplankton groups 

indicates that the low dissolved oxygen is 
accompanied by higher density of 
Bacillariophyceae in winter (Millman et al., 
2005; Khuantrairong and Traichaiyaporn, 
2008). Whereas the occurrence of 
Chlorophyceae and Cyanophyceae during 
summer at high concentration of dissolved 
oxygen indicates that these groups prefer 
oxygenated waters (Albay and Akcaalan, 
2003).  

The relationship of CO2 with phytoplankton 
density is insignificant in the present study. 
It is said that the availability of free CO2 is 
primarily a need for photosynthesis and 
whenever, CO2 is not available it is obtained 
by breaking down of bicarbonates (Sharma 
and Sharma, 1881). In this case, it is felt that 
the higher bicarbonate alkalinity is the 
determining factor for the phytoplanktonic 
picture in Ramgarh Lake. Laskar and Gupta 
(2009) have also reported a positive 
correlation between phytoplankton density 
and alkalinity value.  

The density of phytoplankton showed three 
peaks; peak of summer, monsoon and winter 
in which summer peak was more prominent 
than the other two. The summer peak, 
recorded in the month of June, was 
dominated by Chlorophyceae. Both the 
monsoon peak of August and the winter 
peak, of November, were dominated by 
Bacillariophyceae. Tarar and Bodhke (2002) 
found that winter months were more 
favourable for multiplication of diatoms. 
The growth of diatoms in lake is governed 
by many factors such as thermal 
stratification and sedimentation, light 
intensity and carbon availability (Round et 
al., 1990, Kristov et al., 2003), low flow and 
water body mixing (Kim et al., 2007). Low 
density of Bacillariophyceae in summer 
season may be due to the influences of 
temperature and grazing behaviour of 
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zooplankton on diatoms because 
zooplankton density was found very low in 
winter at Ramgarh Lake (Paulose and 
Maheshwari, 2008).   

The monsoon peak of Bacillariophyceae was 
mainly composed of Nitzschia palea while 
the winter peak was of Synedra ulna. The 
summer peak of Chlorophyceae was 
dominated by Closterium setaceum.  

The percentage composition of algal groups 
differed throughout the study period. 
Bacillariophyceae was found the dominant 
group and its contribution ranged between 
23.0% and 64.0% of the total phytoplankton 
depending upon season. Nitzschia, Synedra 
and Navicula were the main contributors in 
density of Bacillariophyceae. Other genera 
of Bacillariophyceae were Cyclotella, 
Diatoma, Campylodiscus, Fragilaria, 
Achnanthes, Cymbella, Amphora and 
Coscinodiscus.  

Chlorophyceae ranked second in position 
contributing 21.0% to 49.0% towards the 
total phytoplankton density with 12 genera. 
The dominant genera of Chlorophyceae 
were Closterium and Chlorella whereas 
Clostridium, Chlamydomonas, Volvox, 
Scenedesmus, Ankistrodesmus, 
Ophiocytium, Richterella, Pediastrum, 
Spirotaenia, and Ulothrix were 
comparatively lesser in number during the 
study period.  

This group showed a direct relationship with 
temperature (r =0.58; p<0.05), alkalinity (r 
=0.68; p<0.05), nitrate (r =0.65; p<0.05) and 
phosphate (r =0.60; p<0.05).  The highest 
value of phosphate and nitrate coinciding 
with higher density of Chlorophyceae during 
summer season (June) indicate that these 
nutrients regulate the growth of green algae 
(Kwang-Guk et al., 2003). 

The contribution of Cyanophyceae was 
varying between 8.0% and 45.0% of the 
total density. In Cyanophyceae Spirulina, 
Anabaena and Microcystis were the most 
common genera while Aphanocapsa, 
Phormidium, Gloeothece, Nostoc, 
Merismopedia and Synechocystis were 
found occassionally.  

It showed positive correlation with 
temperature (r =0.77; p<0.01), pH (r =0.71; 
p<0.01), dissolved O2 (r =0.82; p<0.01) and 
alkalinity (r =0.62; p<0.05).  

The dominant forms of three phytoplankton 
groups exhibited a clear seasonal succession. 
Chlorella was dominant during monsoon 
season while Closterium during summer. 
Out of the three genera of 
Bacillariophyceae, Synedra showed their 
maximum frequency during winter and early 
summer, Navicula during late summer and 
Nitzschia during monsoon. Among 
Cyanophyceae, Anabaena dominated during 
early summer, Microcystis during late 
summer and Spirulina during monsoon.  

The species composition of Ramgarh Lake 
was coincided with nitrate content of the 
water. When nitrate concentration was 
maximum in summer, phytoplankton 
population was dominated by Closterium sp. 
Nitrate content reached its lowest value 
during monsoon, followed by a high 
contribution of Nitzschia sp. to the total 
phytoplankton density. The drop in nitrate 
level to almost complete depletion in winter 
is accompanied by an increase in density of 
Synedra sp. It can be assumed that the 
species dominance in a lake is determined 
by competition for nutrients (Gligora et al., 
2007). The species of Synedra was 
competitively superior for phosphorus at a 
low concentration of nitrogen and it 
becomes more productive in winter.  
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Table.1 Mean monthly values of various physico-chemical parameters during 2005-2006 at five stations in Ramgarh Lake, Jaipur   

Parameters Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sep. 

Water Temperature (°C) 29.0 ±0.01 23.0±0.03 20.0±0.02 16.0±0.01 22.0±0.03 24.0±0.01 29.8±0.01 30.0±0.01 31.3±0.02 27.2±0.01 31.2±0.03 29.9±0.01 

Air temperature (°C) 32.0±0.12 28.0±0.01 25.2±0.30 20.5±0.03 26.8±1.00 28.0±0.98 33.0±0.35 33.6±0.10 34.5±1.60 32.6±1.02 33.0±0.85 32.8±0.45 

pH 7.5±0.02 7.4±0.03 7.2±0.04 7.1±0.02 7.8±0.03 8.1±0.03 8.2±0.02 8.3±0.01 8.7±0.04 8.5±0.08 8.5±0.03 8.6±0.01 

Dissolved O2 (mg L-1) 3.8±0.73 2.9±0.70 6.5±0.68 2.9±0.85 1.2±0.20 8.7±0.14 9.5±0.43 9.1±0.40 8.6±0.22 7.8±0.20 9.3±0.16 7.8±0.15 

Free CO2 (mg L-1) 4.2±0.38 4.3±0.46 5.5±0.35 8.8±1.43 0.0±0.0 0.0±0.0 4.4±0.0 4.4±0.0 4.4±0.0 8.8±0.0 5.7±0.88 9.6±0.53 

Alkalinity  (mg L-1) 120.0±4.06 132.0±5.83 138.0±3.16 150.0±3.16 150.0±2.44 155.0±5.32 180.4±3.60 180.0±2.80 200.0±2.00 172.0±10.1 172.0±4.89 182.0±3.74 

Total hardness (mg L-1) 110.0±0.97 113.0±1.49 115.0±2.80 118.0±3.28 124.0±2.19 115.0±0.48 124.0±1.02 125.2±3.04 127.2±1.95 112.4±2.40 102.0±7.23 100.4±0.40 

Salinity (mg L-1) 3.3± 0.34 12.5±0.77 13.8±0.53 12.2±0.44 12.2±0.43 15.4±0.44 15.2±0.57 15.6±0.54 18.9±0.71 21.4±1.35 23.3±0.70 42.4± 

TS (mg L-1) 

 

150.0±7.85 152.2±5.25 210.8±10.2 220.0±9.95 365.0±10.9 156.0±8.94 187.6±7.56 380.4±12.9 475.8±14.51 642.0±13.7 635.9±9.69 

Nitrite (mg L-1) 0.04±0.0 0.035±0.0 0.034±0.0 0.04±0.0 0.06±0.0 0.06±0.0 0.09±0.02 0.08±0.02 1.8±0.32 1.06±0.10 1.20±0.50 0.83±0.24 

Nitrate (mg L-1) 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 1.2±0.43 1.6±0.65 10.8±4.60 6.1±2.36 3.46±1.15 1.0±0.70 

Phosphate (mg L-1) 0.04±0.0 0.04±0.0 0.05±0.01 0.06±0.02 0.04±0.01 0.08±0.01 0.08±0.02 0.04±0.0 0.12±0.06 0.06±0.01 0.09±0.02 0.06±0.02 

Values are mean±standard deviation and average of five sites   
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Table.2 Species composition of various phytoplankton groups at Ramgarh Lake  

Name of species Oct
.

 
Nov
.

 
Dec
.

 
Jan. Feb

.

 
Marc
h

 
Apri
l

 
Ma
y

 
Jun
e

 
Jul
y

 
Aug
.

 
Sept
.

 
BACILLARIOPHYCEAE 

             
Synedra ulna        + +++ ++ ++

+

 
++
+

 
++ ++ + + + + + 

Nitzschia palea + + + + + + + + + ++
+

 
+++ ++ 

Navicula pseudocuspidata + + + + ++ + + +++ ++ + + + 

Cyclotella sp. - - - - - - + + + + - - 

Diatoma sp. + + + - - - - - - - - - 

Campylodiscus sp. - - - - - - - - - + + - 

Fragilaria sp. - - - - - + + + + + - - 

Achnanthes - - - - - - - - + + - - 

Cymbella sp. + + + - - - - - + + - - 

Amphora sp. - - + + + + + - - - - - 

Coscinodiscus sp. - + + + - - - - - - - - 

CHLOROPHYCEAE             

Closterium setaceum + + + ++ + ++ ++ +++ +++ + + + 

Chlamydomonas sp. - - - - - + + - - - - - 

Volvox sp. + - - - - - - - - + + + 

Chlorella vulgaris + + + ++ - - - - + ++ +++ ++ 

Scenedesmus sp.. + + + - - - - - - + - - 

Ankistrodesmus sp. - - - + + + + + - - + + 

Ophiocytium sp. - - + + - - - - - - - - 

Richterella sp. - - - - - + + - - - - - 

Pediastrum sp. + + - - - - - - - - - - 

Spirotaenia sp. + + - - - - - - - - - - 

Clostridium sp. + + + + + + + + + - - - 

Ulothrix sp. - - - - - + + + + - - - 

Cont.             

Name of species 

 

Oct
.

 

Nov
.

 

Dec
.

 

Jan. Feb
.

 

Marc
h

 

Apri
l

 

Ma
y

 

Jun
e

 

Jul
y

 

Aug
.

 

Sept
.

 

CYANOPHYCEA
E

             

Spirulina sp. - - - + + + + + + + ++ +++ 

Anabaena sp. + + + + + ++ +++ + + + + + 

Phormidium sp. - - - - - - - - + + - - 

Gloeothece sp. - - - - - - - - - + - - 

Nostoc sp. + + + + - - - - - - - - 

Microcystis sp. + + + + + + + +++ +++ + + + 

Aphanocapsa sp. - - + + + + + + + + + + 

Merismopedia sp. + + + + - - - + + + + + 

Synechocystis sp. - - - - + + + + + + - - 

         

Common 

  

Rare 
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Table.3 Correlation matrix (r) between various physico-chemical parameters and phytoplankton 
groups at Ramgarh Lake  

Temp. pH D. O2 Free CO2 Alkalinity Salinity Hardness TS Nitrate Nitrite Phosphate Parameters 

0.76** 0.53 0.67* -0.06 0.59* -0.04 0.14 0.12 0.62* 0.40 0.44 Total 
phytoplankton 

0.58* 0.53 0.56 -0.06 0.68* -0.02 0.54 0.04 0.65* 0.37 0.60* Chlorophyceae 

0.77** 0.71** 0.82** 0.23 0.62* 0.46 -0.25 0.55 0.39 0.44 0.54 Cyanophyceae 

0.34 -0.05 -0.14 -0.25 -0.31 -0.44 -0.14 -0.23 0.26 0.06 -0.20    
Bacillariophyceae 

(*indicates significant at p < 0.05 and ** indicates significant at p < 0.01 level)  

Table.4 Correlation (r) matrix between various limnological parameters and productivity of 
Ramgarh Lake                             

 (*indicates significant at p < 0.05 and ** indicates significant at p < 0.01 level) 

NPP GPP Parameters 

0.66* 0.65* Temperature 

0.59* 0.76** pH 

0.74** 0.85** D. O2 

0.10 0.16 Free CO2 

0.78** 0.87** Alkalinity 

0.37 0.39 Salinity 

0.23 0.24 Total hardness 

0.57* 0.58* TS 

0.58* 0.70** Nitrate 

0.67* 0.68* Nitrite 

0.96** 0.88** Phosphate 

0.58* 0.60* Total phytoplankton 

0.65* 0.71** Chlorophyceae 

0.61* 0.66* Cyanophyceae 

-0.20 -0.12 Bacillariophyceae 
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Fig.1 Map of Ramgarh Lake, Jaipur showing different sampling sites  
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Fig.2 Annual trend of phytoplankton density and productivity during 2005-2006 in Ramgarh 
Lake,Jaipur  
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(NPP= Net Primary Productivity, GPP= Gross Primary Productivity)   

Fig.3 Seasonal variations in phytoplankton density and diversity during 2006 of Ramgarh Lake, 
Jaipur  
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This ability gives a significant advantage to 
these organisms in monsoon. It was able to 
compete for phosphorus and reach 
dominance as long as Closterium and 
Nitzschia sp. were excluded by nitrogen 
depletion (Lampert and Sommer, 1997).  

Observations on the monthly gross and net 
primary productions in phytoplankton 
community at Ramgarh Lake are presented 
in the figure 2. It is evident from the data 
that both gross and net production was 
maximum during the month of June 06 and 
minimum in the month of September 06. 
Maximum primary productivity was 
observed in summer and minimum was 
found in winter.  

Washing, bathing, dumping of wastes as 
well as other anthropogenic activities and 
surface water runoff into the lake water 
during monsoon months enormously deposit 
organic matter to lake sediments increasing 
the nutrient load Khuantrairong and 
Traichaiyaporn, 2008). These nutrients are 
least available to algae and diatom for their 
growth and development during low light 
intensity and low temperature (winter 
months). These probably are responsible for 
comparatively lower values of primary 
productivity in winter months (Toman, 
1996; Pugnetti and Bettinetti, 1999). 
However, in summer, the rise in temperature 
enhances the release of nutrients from 
sediments through bacterial decomposition. 
The excessive amount of nutrient along with 
higher temperature favours the growth of 
aquatic flora, which ultimately increases the 
primary productivity (Van Donk et al., 
1993; Thillai Rajasekar et al., 2005).  

Effect of different limnological parameters 
on productivity is depicted in table 4. NPP 
and GPP showed positive correlation with 
water level, temperature, pH, EC, alkalinity, 
dissolved O2, TDS, TS, magnesium 

hardness, BOD, COD, nutrients and 
phytoplankton density. Higher summer 
values of productivity was also explained on 
this correlation basis. The peak of 
productivity in month of June may be due to 
high pH, alkalinity, EC, TS, nutrients and 
plankton density. Sulabha and Prakasam 
(2006) reported a direct correlation between 
alkalinity and primary production 
throughout their investigation. But Das and 
Manna (2004) found strong positive 
correlation of primary production with 
conductivity and total alkalinity. 
Phytoplankton is favoured under more 
alkaline condition, since alkaline system act 
as a trap for atmospheric carbon di oxide 
(Lopez-Archilla et al., 2004). Thus the 
highest primary production levels are 
encountered in alkaline lake (Melack, 1981).  

The present study shows that in the 
Ramgarh Lake the concentration of nitrate, 
like that of phosphorus may be important in 
the determination of phytoplankton 
dominance. It can be pointed out that the 
phytoplankton peaks were followed by 
nutrient peaks. It may be suggested that 
nutrient enrichment enhances the growth of 
phytoplankton in summer season. Increasing 
phytoplankton population utilizes these 
nutrients by active absorption, resulting 
lower concentration of nutrient in next 
season. On the other hand, heavy grazing by 
zooplankton on phytoplankton may also be 
responsible for the lower density of 
phytoplankton during monsoon season.  

Acknowledgements  

Authors are thankful to CAS, Department of 
Zoology, University of Rajasthan, Jaipur 
and Pollution Control Board, Jaipur for 
providing laboratory facilities. We are also 
thankful to the Director of Fisheries 
Department, Jaipur for providing boating 
facility at study site. 



Int.J.Curr.Microbiol.App.Sci (2015) 4(11): 318-330 

329  

Reference  

Albay, M., Akeaalam, R. 2003. Factors 
influencing the phytoplankton steady 
states assemblegas in drinking water 
reservoir (Omerli Reservoir, Istanbul). 
Hydrobiol., 502: 85 95. 

APHA.1995. Standard methods for the 
examination of the water and waste water, 
19th edn. American Public Health 
Association, New York. 

Auer, B., Elzer, U., Arndt, H. 2004. 
Comparison of pelagic food webs in lake 
along a trophic gradient and with seasonal 
aspects: influence of resource and 
predation. J. Plankton Res., 26: 637 709. 

Bahura, B.K., Das, M. 2001.Study on 
Plankton as indicator and index of 
pollution in an aquatic ecosystem 
receiving paper mill effluent. Indian J. 
Environ Sci., 5(1): 41 46. 

Chun, Y., Xu, Q., Kong, H., Shen, Z., Yan, C. 
2007. Eutrophication conditions and 
ecological status in typical bays of lake 
Taibu in China. Environ. Momt. Assess., 
135: 217 225. 

Das, A.K., Manna, R.K. 2004. Phytoplankton 
primary production in relation to limno-
chemical features in the context of fish 
yield potential of Hemavathy Reservoir, 
Karnataka. Proc. Natl. Acad. Sci., 74B 
(3&4): 263 276. 

Edmondson, W.T. 1965. Fresh water biology. 
John Wiley & Sons, New York.  

Gaarder, T., Gran, H.H. 1927. Plankton 
Production in the Oslo Fjord. Int. 
Council. Explorat. Sea, 42: 1 48. 

Garg, R.K., Rao, R.J., Seksena, D.N. 2009. 
Water quality and conservation 
management of Ramsagar reservoir, 
Datia, Madhya Pradesh. J. Environ. Biol., 
30(5): 909 916. 

Gligora, M., Plenkovic-Moraj, A., Kralg, K., 
Grigorszky, I., Peros-Pucar, D. 2007.The 
relationship between phytoplankton 
species dominance and environmental 
variables in a shallow lake (Lake Verna, 
Croatia). Hydrobiol., 584: 337 346. 

Gliwicz, Z.M. 2002. On the different nature of 
top-down and bottom up effects in 
pelagic food webs. Fresh Water Biol., 47: 
2296 2312. 

Hulyal, S.B., Kaliwal, B.B. 2008. Dynamics 
of phytoplankton in relation to physico- 
chemical factors of Almatti reservoir of 
Bijapur District, Karnataka State. 
Environ. Monit. Assess., 139: 299 306.  

Kagami, M., Gurung, T.B., Yoshida, T., 
Urabe, J. 2006 To sink or to be lysed? 
Contrasting fate of two large 
phytoplankton species in Lake Biwa. 
Limnol. Oceanogr., 51: 2775 2786.  

Keeling, P.J., Archibald, J.M., Fast, N.M., 
Palmer, J.D. 2004. Comment on the 
evolution of modern eukaryotic 
Phytoplankton. Science, 306: 2191 2192. 

Khuantrairong, T., Trichaiyaporn, S. 2008. 
Diversity and seasonal succession of the 
phytoplankton community in Doi Tao 
Lake, Chaing Mai Province, Northern 
Thailand. Nat. Hist. J. Chulalongkorn 
Univ., 8(2): 143 156. 

Kristov, V., Bellinger, E., Sigee, D. 2003. 
Ecological study of Stephanodiscus rotula 
during a spring diatom bloom: Dynamics 
of intercellular element concentrations 
and correlations in relation to water 
chemistry, and implications for overall 
geochemical cycling in moderate lake. 
Acta. Oncologica, 24: 265 274. 

Kwang-Guk, A.P., Seok Soon, P., Kyu-Hong, 
A., Urchin, C.G. 2003. Dynamics of 
nitrogen, phosphorus, algal biomass and 
suspended solids in an artificial lentic 
ecosystem and significant implications of 
regional hydrology of trophic status. J. 
Environ. Biol., 24: 29 38.        

Lampert, W., Sommer, U. 1997. 
Limnoecology: The ecology of lakes and 
streams. Oxford University Press. 

Laskar, H.S., Gupta, S. 2009. Phytoplankton 
diversity and dynamics of Chatla 
floodplain lake Barak Valley, Assam, 
North East India 

 

A seasonal study. J. 
Environ. Biol., 30(6): 1007 1012. 

Lopez-Archilla, A.L., Moreira, D., Lopez-
Gracia, P., Guerrero, C. 2004. 



Int.J.Curr.Microbiol.App.Sci (2015) 4(11): 318-330 

330  

Phytoplankton diversity and cynobacterial 
dominance in a hypereutrophic shallow 
lake with biologically produced alkaline 
pH. Extremophiles, 8: 109 115. 

Melack, J.M. 1981. Phytosynthesis activity of 
phytoplankton in tropical African soda 
lakes. Hydrobiol., 81: 71 85. 

Milman, M., Cherrier, C., Ramstack, J. 2005. 
The seasonal succession of the 
phytoplankton community in Ada Hyden 
Lake, North Basin, Ames, Iowa, 
Limnology Laboratory Iowa State 
University, Ames, Iowa. 

Mukherjee, B., Nivedita, M., Mukherjee, D. 
2010. Plankton diversity and dynamics in 
polluted eutrophic lake, Ranchi. J. 
Environ. Biol., 31(5): 827 839. 

Naselli-Flores, L., Barone, R. 2000. 
Phytoplankton dynamics and structure: a 
comparative analysis in natural and man-
made water bodies of different trophic 
state. Hydrobiol., 438: 65 74. 

Naselli-Flores, L.2000. Phytoplankton 
assemblages in twenty-one Sicilian 
reservoirs: Relationships between species 
composition and environmental factors. 
Hydrobiol., 424: 1 11. 

Needham, J.G., Needham, P.R. 1978. A guide 
to the study of freshwater biology. 
Holden Day Inc. Publication, San 
Francisco. 

Pearson, P. 1920. Notes on the History of 
Correlation, Biometrika, 13: 25 45. 

Pugnetti, A., Bettinetti, R. 1999. Biomass and 
species structure of the phytoplankton of 
an high mountain lake (Lake Paione 
Superiore. Central Alps, Italy). J. Limnol., 
58: 127 130. 

Reynolds, C.S. 1997. Vegetation processes in 
the pelgic: A model for ecosystem theory. 
Ohlendorf-Lune, Germany. Excellence in 
Ecology. Ecology Institute. 

Round, F.E., Crawford, R.M., Mann, D.G. 
1999. The Diatoms. Cambridge 
University Press, New York. 

Sharma, L.L., Sharma, S.K. 1981. 
Comparativelimnological study in chain 
of five water bodies in Rajasthan, India. J. 
Aqu. Biol. Fish, 1: 31 40. 

Shashi Shekhar, T. R., Kiran, B.R., Puttaiah, 
E.T., Shivraj, Y., Mahadevan, K.M., 
2008. Phytoplankton as index of water 
quality with reference to industrial 
pollution. J. Environ. Biol., 29(2): 233
236. 

Sommer, U. 1987. Factors controlling the 
seasonal variations in the phytoplankton 
species composition. A case study of deep 
nutrient rich lake (Lake Constance). Prog. 
Phyc. Res., 5: 122 178 

Sreenivasan, A. 1964. A hydrobiological study 
of a tropical impoundment, Bhavanisar 
Reservoir, Madras state, India for the year 
1956-1961. Hydrobiol., 24: 514 539. 

Sulabha, V., Prakasam, V.R. 2006. 
Limnological features of 
Thirumullavaram temple pond of Kollam 
Municipality, Kerala. J. Environ. Biol., 
27(4): 449 451. 

Tarar, J.L., Bodhke, S. 2002. Cyanobacteria 
from the polluted habitat of Nagpur city. 
Algal Biotechnology, Aavishkar 
Publishers, Jaipur. Pp. 149 157. 

Temponeras, M., Kristiansen, J., Moustaka-
Gouni, M. 2000. Seasonal variation in 
phytoplankton composition and physical-
chemical features of the shallow Lake 
Doirani, Macedonia, Greece. Hydrobiol., 
424: 109 122. 

Thillai Rajsekar, Perumal, K.P., Santhanam, P. 
2005. Phytoplankton diversity in the 
Coleroon estury, South coast of India. J. 
Mar. Biol. Ass. India, 47: 127 132. 

Toman, M.J. 1996. Physico-chemical 
characteristics and seasonal changes of 
phytoplankton communities in a river 
reservoir. Lake Reserv. Res. Manage., 2: 
71 76.  

Van Donk, E., Gulati, R.D., Iedema, A., 
Meulemans, J. 1993. Macrophyte related 
shift in the nitrogen and phosphorus 
contents of the different trophic levels in 
a biomanipulated shallow lake. 
Hydrobiol., 251: 19 26.

 


