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ABSTRACT

The present investigation concerns the seasonal changes of phytoplankton diversity and physico-chemical characteristic of
water in a lentic water body. Diversity indices of 58 phytoplankton species and the regulatory effects of the 10 physico-chemical
parameters of water on the phytoplankton diversity were assessed. The phytoplankton diversity, richness and dominance were
high in winter but the evenness was high in the months of pre-summer. From the Euclidean distance of seasonal variation of
phytoplankton diversity and physico-chemical parameters of water it was revealed that the phytoplankton diversity were changed
with the seasonal i.e. pre-monsoon, monsoon and post-monsoon changes of physico-chemical parameters.
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INTRODUCTION

Algae are the major primary producers in the aquatic sys-
tems and are an important food source for other organ-
isms like zooplanktons, rotifers and fishes etc. They in-
clude planktonic and benthic forms. Species composition
and the seasonal variations of phytoplankton in fresh
water bodies are dependent on interactions between
physical and chemical factors in the tropical regions.

Works on phytoplankton diversity in India were carried
out by several workers. Several works have been done on
the seasonal variations of phytoplankton from lakes and
small water bodies in relations to the physiochemical
parameters from India including West Bengal also (Roy,
1955; Jana, 1973; Jana et al., 1981; Mukhopadhyay et
al., 1997; Ali et al., 1999; Chakraborty and Das, 2004;
Chakraborty et al., 2004; Balasingh and Shamal, 2007;
Chattopadhyay and Banerjee, 2007; Senthilkumar and
Sivakumar, 2008; Goswami and Palit, 2010; Ghosh and
Keshri, 2011; Das et al., 2011; Das and Keshri, 2012; Das
and Keshri, 2013).

India is among the countries of tropical region. Burdwan
district is situated in the eastern part of the country. It is
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an agriculture based region and greater portion of this
district is covered with fertile cultivated field and local
people basically depend on this. Many small and large
water bodies are there in this district and a large part
of agriculture depend on the water of these water bod-
ies. The chemical and biological manures directly leach
out from this field into the water bodies and thus wa-
ter chemistry become changed and therefore variable
throughout the year depending on the nature of the lea-
chates and time of leaching. This varied water chemistry
directly affects the availability of the water micro-plank-
tons of the water and have a great impact on the water
kingdom also.

STUDY SITE

The district of Burdwan geographically forms part of the
Gangetic plains of West Bengal and tropical region of In-
dia. This man-made, perennial wetland “Khan-Pukur”,
is situated near the Korjona Village, 30 km away from
Burdwan town and lies between the parallels 23° 20"
34.50” N to 23° 20" 37.84" N and 87° 53" 17.99" E to 87°
537 26.28" E. It covers an area of 30 hectares, surround-
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ed by cultivated land. The bank of the pond is covered by
several big trees with semi aquatic wetland plants. It re-
ceives run-off water from the adjacent land. The average
annual depth of water is 11ft. The water of this wetland
is mainly used for agriculture.

MATERIAL AND METHODS

Measurement of Phytoplankton diversity

In the present investigation 30 hectares area was stud-
ied by choosing sites at random and the water samples
were collected once in a month during the time period of
January 2010 to December 2010 between 9-11 a.m. 1%
Lugols’ Iodine solution and 10% Formalin solution were
used to preserve the phytoplankton (PHYTO) samples.
The identification and quantitative analysis were done
by using Carl Zeiss Axiostar microscope with photo mi-
crometry Nikon camera attachment.

Collection and Analysis of Water Samples

Water samples were collected in air tight Polyvinyl chlo-
ride (PVC) bottles. The pH, Temperature (TEMP), Con-
ductivity (COND), Total Dissolved Solids (TDS), Salinity
(SAL) were measured by PCS Testr- 35 and the other
parameters such as dissolve oxygen (DO), Biological Ox-
ygen Demand (BOD), Phosphate (PO,*) Nitrate (NO,)
and Potassium (K*) were tested by following standard
methods of American Public Health Association (APHA,
1995; Jadav and Jogdand, 1993; C.PC.B. Publication,
1978).

Statistical Methods

The statistical analysis like measurement of Shannon’s
index, Simpson’s index, Pielou’s index, Margalef’s index
were done using PAST 2.07software, the correlation ma-
trix and single linkage Eucladian distance of different
variables were performed by STATISTICAw 580 software.

RESULTS

The species wise diversity represented in the Table 1. To-
tal 73 phytoplankton species were found and identified
by several monographs (Turner, 1892; Hustedt, 1930;
Philipose, 1967; Pal and Mukhopadhyay, 2013; Wehr
and Sheath, 2003). Among the 73 taxa recorded class
Chlorophyceae represented by maximum number of 46
genera, Cyanophyceae by 10 genera, Euglenophyceae
about 9 genera, Bacillariophyceae 7 genera and Dino-
phyceae only one genus. Seasonal variations of differ-
ent diversity indices of phytoplankton species in pond
are depicted in Table-2. The highest richness of phyto-
plankton were shown in December followed by January,

November, and February that means in the winter the
species richness was highest and lowest in July and Au-
gust at the time of monsoon. The Simpson’s dominance
index was also highest in winter seasons including the
conjugative months December, January, and November.
From the different physico-chemical parameters point of
view (Table III) average water temperature was 31.25°C
in summer, 26°C in monsoon and 24.75°C in winter. The
water pH was always below 7 i.e. acidic throughout the
year. The case wise correlation matrix (Table IV) of all
parameters with phytoplankton diversity the number of
phytoplankton were significantly positively correlated
(p<0.05) with SAL (r = 0.95), COND (r = 0.68) and
TDS (r = 0.67). Also with the phytoplankton assemblage
a significant positive correlation was found with NO, (r
= 0.90), PO, (r = 0.92) and K (r = 0.91) as these were
served as a nutrient for phytoplankton growth.

DISCUSSION

Among the phytoplankton taxa the Shannon’s general
diversity as well as the species dominancy was observed
the highest in Trachelomonas hispida and the lowest in
Tetrallantos lagerheimii. While Selenastrum westii was the
most evenly distributed species in the pond throughout
the year. The Margalef’s species richness got the highest
value in Closterium parvulum and the lowest in Dimor-
phococcus lunatus (Table I).

The species richness index was varied throughout the
year. The highest richness of phytoplankton were shown
in December followed by January, November, and Febru-
ary that means in the winter the species richness was
highest and lowest in July and August at the time of mon-
soon. The Simpson’s dominance index was also highest
in winter seasons including the conjugative months De-
cember, January, and November. On the other hand the
Shannon’s general diversity index was high in mainly
winter season (November to February) followed by pre
monsoon (February to April). But the Pielou’s evenness
index was high at the pre summer time i.e. on January
and December that means the phytoplankton were high-
ly evenly distributed (Table II).

From the different physico-chemical parameters point of
view (Table III) average water temperature was 31.25°C
in summer, 26°C in monsoon and 24.75°C in winter. The
water pH was always below 7 i.e. acidic throughout the
year. The big trees were present throughout bank region
of the wetland and different types of aquatic plants were
covered a big portion of the water body. So, for the lower
penetration of light which causes low photosynthesis
rates than respiration rate, the carbon dioxide makes the
water more acidic (Pal and Mukhopadhyay, 2013). Also
decomposition litter also cause for the same. The pH was
high during winter time and low in monsoon season due
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to heavy rainfall. The specific conduction, total dissolve
solids and salinity were high and near about same in
late monsoon, winter and early summer (September to
May) and low in late summer and early monsoon (June
to August). The dissolve oxygen was also high in win-
ter (October to February) may be due to the presence
of high phytoplankton diversity and for that higher pho-
tosynthesis rate was noticed. Increased of temperature
and solar radiation increased primary productivity added
with respiration rate and decomposition rate increased
the BOD value high in summer and monsoon (March to
September). The phosphate, nitrate and potassium were
higher in November to February and due to dilution fac-
tor of heavy rainfall all three parameters were lowest in
June to September.

The case wise correlation matrix (Table IV) of all pa-
rameters with phytoplankton diversity the number of
phytoplankton were significantly positively correlated
(p<0.05) with SAL (r = 0.95), COND (r = 0.68) and
TDS (r = 0.67). Also with the phytoplankton assemblage
a significant positive correlation was found with NO, (r
= 0.90), PO, (r = 0.92) and K (r = 0.91) as these were
served as a nutrient for phytoplankton growth. But s sig-
nificant negatively correlation was observed with tem-
perature and BOD. As in a high temperature the pho-
tosynthetic rate, enzymatic activities were decreased
and may be for which the growth rate of phytoplankton
were suppressed. High BOD means low dissolve oxygen,
which was decreased the respiration rate, resulted phy-
toplankton growth was limited.

The single linkage Fuclidean distance graph (Figure Ia)
significantly shown that phytoplankton diversity were
much more similar in October to March that is late mon-
soon, winter and early summer and this type of relations
were also observed in April -September excluding July
and August, the full monsoon time, resulted different di-
versity pattern. On the other hand the obtained single
linkage Euclidean distance graph (Figure Ib) of physico-
chemical parameter of water was showed near about ex-
act same pattern of similarity as like as phytoplankton
diversity graph. That means the macrophyte diversity
of Khan-Pukur was changed along with the changes of
physico-chemical parameters of water wetland.

CONCLUSION

To the sum up, form the present study, a differentiation
between phytoplankton diversity and hydrology was re-
corded during the water sample collection throughout
the year from the study site. Above study indicates a sig-
nificant role in anthropogenic and agricultural activity
of a eutrophic water body. The presence of several rare
or uncommon taxa as well as diverse flora signify the
restoration of such types of water bodies from the irriga-

tion waste in the tropical regions which take part in the
enrichment of the water biodiversity. However, further
study should put forward for better illumination for the
relation between aquatic micro-flora and water ecology.
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Table I: Enumeration of phytoplankton and their different diversity indices

Ankistrodesmus falcatus 1.471
Ankistrodesmus spiralis 1.474
Botryococcus sudeticus 2.138
Chlorella vulgaris 1.889
Closterium ehrenbergii 1.889
Closterium kuetzingii 1.673
Closterium moniliferum 1.97
Closterium parvulum 2.243
Coelastrum microporum 1.861
Dimorphococcus lunatus 0.9825
Dispora crucigenioides 0.6365
Dispora cuneiformis 1.254
Eremosphaera viridis 0.6365
Euastrum denticulatum 1.925
Genicularia elegans 1.767
Gloeocystis ampla 1.408
Gonatozygon monotaenium 1.626
Gonium indicum 1.904
Hyalotheca dissiliens 1.548
Kirchneriella lunaris 1.537
Kirchneriella obese 1.891
Nephrocytium agardhianum 1.157
Nephrocytium limneticum 1.479
Nephrocytium obesum 0.8676
Onychonema laeve 1.981
Oocystis borgei 1.37
Oocystis elliptica 1.742

0.722 0.7253 0.9492
0.7486 0.8731 0.8142
0.8757 0.9429 1.327
0.7919 0.661 1.545
0.7919 0.661 1.545
0.7934 0.8877 2.085
0.8469 0.8965 2.652
0.8785 0.8568 3.147
0.8327 0.9187 1.065
0.5846 0.8904 0.4502
0.4444 0.9449 0.9102
0.6939 0.8761 1.137
0.4444 0.9449 0.9102
0.8284 0.857 2.729
0.8 0.8362 2.216
0.7266 0.8172 1.443
0.7692 0.8473 1.949
0.8272 0.8392 2.422
0.7547 0.7838 1.122
0.7726 0.9298 0.8825
0.8416 0.9467 1.303
0.6272 0.7951 1.17
0.761 0.8774 1.188
0.5 0.7937 1.116
0.8488 0.9059 1.597
0.7042 0.787 1.108
0.8038 0.8152 1.782
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Oocystis pusilla 1.388 0.7066 0.8015 1.2
Pandorina morum 1.855 0.8133 0.7987 2.058
Pediastrum duplex 1.408 0.7266 0.8172 1.443
Pediastrum tetras 2.093 0.8522 0.7369 2.269
Pleodorina californica 0.5623 0.375 0.8774 0.7213
Pleurotaenium ehrenbergii 1.979 0.8472 0.9046 2.817
Scenedesmus arcuatus 1.168 0.64 0.8041 1.303
Scenedesmus bijugatus 1.413 0.6996 0.6847 1.135
Scenedesmus obliquus 1.731 0.7893 0.8068 1.34
Selenastrum bibraianum 1.517 0.7639 0.9118 1.033
Selenastrum minutum 1.939 0.8356 0.8691 1.397
Selenastrum westii 1.095 0.6644 0.9967 0.588
Sorastrum americanum 1.011 0.6111 0.9165 1.116
Sphaerocystis schroeteri 1.866 0.8061 0.808 1.294
Spondylosium planum 1.7 0.7908 0.7823 1.427
Staurastrum ceylanicum 1.917 0.835 0.8502 2.337
Tetraedron trigonum 0.8982 0.5612 0.8184 0.7578
Tetrallantos lagerheimii 0.5623 0.375 0.8774 0.7213
Westella botryoides 2.224 0.871 0.7706 1.807
Anabaena circinalis 2.131 0.8754 0.9359 1.26
Aphanothece stagnina 1.873 0.8364 0.9296 1.014
Aulosira implexa 2.045 0.8665 0.9665 1.124
Chroococcus limneticus 1.746 0.7705 0.6372 1.924
Gomphosphaeria aponica 1.986 0.849 0.9104 1.395
Merismopedia elegans 2.264 0.8883 0.8745 1.762
Nostochopsis lobata 2.035 0.8635 0.9562 1.352
Oscillatoria limosa 2.023 0.8617 0.9455 1.15
Oscillatoria nigra 2.001 0.8559 0.9247 1.122
Spirulina major 1.849 0.8182 0.7939 1.85
Amphora sp. 2.047 0.8596 0.8602 2.056
Cymbella sp. 2.083 0.8514 0.73 2.484
Eunotia pectinalis 1.923 0.8352 0.8554 2.175
Nitzschia brebissonii 2115 0.8735 0.9211 2.25
Nitzschia sp. 2 2.105 0.8596 0.821 2.511
Stauroneis anceps 2.034 0.8471 0.7648 2.378
Synedra subaequalis 1.781 0.8125 0.8477 1.731
Euglena acus 2.104 0.8588 0.8199 2.531
Euglena intermedia 2.119 0.8663 0.8326 2.256
Lepocinclis steinii 2.103 0.8588 0.819 1.93
Phacus acuminatus 2.074 0.8634 0.8839 1.859
Phacus curvicauda 1.879 0.8217 0.7272 1.842
Phacus longicauda 1.845 0.8284 0.9037 2.339
Trachelomonas clavata 1.81 0.8163 0.8725 2.274
Trachelomonas hispida 2.341 0.8918 0.8658 2.635
Trachelomonas volvocina 2.329 0.8905 0.8555 1.81
Peridinium wisconsinense 1.804 0.8064 0.7591 1.939
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Table Il. Seasonal variations of different diversity indices of phytoplankton species in Khan-Pukur:

January (JAN)

February (FEB)

March (MAR)

April (APR)
May (MAY)

June (JUNE)

July (JULY)

August (AUG)

September (SEP)

October (OCT)

November (NOV)
December (DEC)

3.684
3.423
3.298
3.002
2.746
1.989
1.9
2.056
2.612
3.257
3.541

3.666

0.9637
0.9525
0.9448
0.9285
0.9115
0.7405
0.7703
0.8286
0.903
0.9469
0.9605
0.9657

0.577
0.5197
0.5009
0.5295
0.5192
0.2708
0.4777
0.6012
0.4697
0.5091
0.5228
0.5433

9.613
8.37
8.026
5.907
5.07
4.614
2.958
2.968
4.865
7.721
9.169
9.79

Table Ill. Seasonal variation of physico-chemical characters of water in Khan-Pukur:

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

24.5
26
30
32
325
30.5
275
27
25
245
245
24

6.5

6.45
6.42
6.37
6.21
6.2

6.26
6.3

6.35
6.43
6.46
6.53

185
193
195
190
191
181
179
177
186
188
198
191

141
132
139
136
139
115
132
122
135
139
143
145

108.4
104.5
97.7
96.7

95.4

88.6
92.6
90.6
102.7
109

111.4

6.5
6.4
6.2
5.9
5.9
6.2
6.4
6.5
6.5
6.6
6.8
6.7

25
2.6

3.2
3.2
3.6
3.7
3.6
3.5

2.8
2.6

0.122
0.111
0.116
0.109
0.099
0.094
0.093
0.09

0.095
0.124
0.137
0.139

2.61
2.01
1.88
1.57
1.39
1.17
1.23
1.11
1.98
2.36
2.52

2.7

10.7
8.9

6.8

4.9

5.9
7.7
10.1
11
11.6
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Table IV. Correlations between phytoplankton density (PHYTO) and physico-chemical parameters of Khan
pukur (Bold face correlations are significant at p < 0.05). Parameters are abbreviated as follows: air temper-
ature (TEMP), pH (PH), Conductivity (COND), total dissolve solids (TDS), salinity (SAL), dissolved oxygen
(DO), biological oxygen demand (BOD), phosphate (PO*), nitrate (NO?3), potassium (K.)

pH
COND
TDS
SAL
DO
BOD
PO
NO

PHYTO

-0.68
-0.04
-0.35
-0.57
-0.95
0.44

-0.52
-0.72
-0.76
-0.53

pH

0.54 COND

0.69 0.69 TDS

0.88 0.63 0.71 SAL

0.59 0.04 0.25 0.51 DO

-0.86 -0.68 -0.69 -0.95 -0.33 BOD
0.86 0.70 0.76 0.93 0.52 -0.84
0.91 0.59 0.77 0.89 0.63 -0.85
0.95 0.56 0.70 0.92 0.70 -0.85
0.89 0.68 0.67 0.96 0.48 -0.95

PO,

090  NO,
092 098
092 090

0.91

—
o —
 —
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Sirgin Lnkage Eudoran detances

aﬂﬂ 02 =] L] us 10 13 14 16 18
Linkage Distance

Trins Dagranm o 12 Viariabies

Srghe Linkags Euclidean detinces
1aN
ocT
MW
DEC ]-
FEB
AR
AFR
AT :l
ALY I
EP
JUKE
ALG
b P P s ? [ 3
Linkage: Distance

Figure I: Hierarchical cluster analysis of the months under study of Khan Pukur a) Depending on the total number of phytoplank-
ton species and b) Depending on the physico-chemical parameters of water
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