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Abstract
   Species composition, population density and diversity of 
phytoplankton includingBacillariophyceae, Dinophyceae, 
Chlorophyceae, Cryptophyceae and Cyanophyceaewerestudied 
in the coastal waters of Muttukkadu, Southeast Coast of 
India during November 2010 to October 2012. There are141 
species of phytoplankton were recorded belonging to Diatoms 
(87species), Dinoflagellates (20 species), cyanobacteria (21 
species)green algae (12 species) andcryptophyta (1 species). 
The present study indicates that the phytoplankton population, 
diversity and species composition fluctuate significantly in 
relation to the various physico-chemical parameters prevailing 
in the environment. Phytoplankton diversity and abundance 
can give index on health and wealth of an estuarine and 
marine ecosystem. This information will be useful to assess 
the particular ecosystem integrity.

Keywords: Muttukkadu Backwater, Phytoplankton, 
Diversity, Water quality

Introduction
  Being the primary producers of the aquatic environment, 
several studies have been conducted on the varied aspects of 
phytoplankton along the Indian coast since the very early part 
of the last century itself, the importance of tidal variations, 
current pattern and magnitude of freshwater discharge at 
different periods in relation to environmental parameters is 
well documented. Distribution of nutrients determines the 
fertility potential of a water mass[1]and therefore it is important 
to gather information about their distribution and behavior in 
different coastal ecosystems. The seasonal distribution, abiotic 
and biotic processes affect the nutrient cycle of different 
coastal environments [2,3]. Thus, the distribution of the flora 
and fauna in the aquatic systems are mainly controlled by the 
fluctuations in the physical and chemical characteristics of 
the water body. Further, the environmental conditions, such 
as topography, water movement and stratifications, salinity, 
oxygen, temperature and nutrients characterizing particular 
water mass also determine the composition of its biota[4]. 
Hence, the hydrographical study is a prerequisite in any aquatic 
system for the assessment of its potentialities, distribution of 
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flora and fauna and also to understand the realities between 
its different trophic level and food webs. In Indian estuaries 
and seas the physico-chemical characteristic studies have been 
carried out by many workers[5, 6]. Phytoplankton initiates the 
marine food chain, by serving as food for primary consumers 
like zooplankton and secondary consumers such as shellfish 
and finfish. Biomass and productivity of phytoplankton in 
different size ranges are important factors to regulate the 
productivity of higher tropic-level organisms. The pelagic 
algal communities make an important contribution to the 
smooth functioning of estuarine ecosystem[7]. Phytoplankton 
species distribution shows wide spatio-temporal variations 
due to the differential effect of hydrographical factors on 
individual species and they serve as good indicators of water 
quality including pollution[8]. Phytoplankton diversity and 
abundance can give index on health and wealth of an estuarine 
and marine ecosystem. Hence, the present study was aim to 
get information on the species composition and community 
structure of phytoplankton from Muttukkadu coastal waters. 
This information will be useful to assess the particular 
ecosystem integrity.

This article is published by Association for Biodiversity 
Conservation and Research
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Materials and Methods
 Rainfall data were obtained from the office of the meteorological 
department (Govt. of India) situated at Muttukkadu, Tamil 
Nadu, India. Samples for the estimation of physico-chemical 
and biological parameters were made on a monthly basis 
from the Muttukkadu coastal waters for a period of two years 
(2010-2012). Temperature was measured using a standard 
centigrade thermometer. Salinity was estimated with the help 
of a Refractometer (ERMA, Hand Refractometer, Japan) and 
pH was measured using a ELICO Grip pH meter. Dissolved 
oxygen was estimated by the modified Winkler’s method[9]. 
For the analysis of nutrients, surface water samples were 
collected in clean polyethylene bottles, kept immediately in 
an icebox, and transported to the laboratory. The collected 
water samples were filtered by using a millipore filtering 
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system fitted with 0.45 dia 47μm GF/C filter paper and 
analysed for dissolved inorganic nitrate, nitrite, phosphate 
and reactive silicate adopting the standard procedures [9]. 
Gross primary production was estimated by adopting the 
light and dark bottle technique[9] and the productivity 
values are expressed as mg C m-3 hr-1. Due to bar formation 
unsampled data were represented as discontinuous lines. 
Monthly samplings on phytoplankton were carried out from 
the surface waters of study area, by towing the phytoplankton 
net (mouth diameter 0.35m) made up of bolting silk cloth 
(No. 30; Mesh size–48 μm), for half an hour. The collected 
samples were preserved in 5% neutralized formalin for further 
analysis. For the quantitative analysis of phytoplankton, the 
settlement method was adopted[10]. Numerical plankton 
analysis was carried out by using Utermohl’s inverted plankton 
microscope. Phytoplankton was identified using the standard 
works[11-13]. The phytoplankton analysed were assigned to 
major groups’ viz. diatoms, dinoflagellates, blue green algae 
and green algae. Chlorophyll ‘a’ concentration was estimated 
by Acetone method[9]. Biodiversity indices were calculated 
following the standard formulae: species diversity: H’ = -ΣPi 
log Pi; I = 1; richness: D = 1-C; C = Σ Pi2; Pi = ni/N and 
evenness: J’ = H’/log2S [14-16].

Statistical analysis
       Correlation coefficients (r) were calculated for phytoplankton 
and physicochemical parameters and the Analysis of Variance 
(F) tests were made for hydrological parameters in relation to 
stations and seasons.
Results
Description of the study area

Muttukkadu backwater (Lat. 12° 49' N; Long. 80° 15' E) extends 
for a distance of 20 km from the sea mouth. This backwater 
is normally cut off from the sea during May-September and 
leads to sand bar formation. During, October-December, 
due to inundation by the freshwater from the upper reaches, 
the sand bar gets eroded and the connection with the sea 
is restored. The width of the estuary ranges from 800 m to 
1050m. This estuary is shallow, the maximum depth being 
2m, in the middle of the channel, while in most of the area; 
it is 1 m or less. The Muttukkadu backwater is dominated by 
boating activities and as with many other tropical estuaries, is 
threatened by the diverse uses to which humans put this water 
body and the land areas that drain into it. Consequently, the 
estuary has a multitude of environmental problems (Figure 1).

Hydrographic parameters
Monthly variations in meteorological parameter (rainfall) 
(Figure 2) and physico-chemical parameters of water viz., 
temperature, salinity, pH, dissolved oxygen, dissolved 
inorganic nitrate, nitrite, phosphate and reactive silicate 
were recorded for a period of two years from November 
2010 to October 2012 are depicted in Figure 3a-3i. Rainfall 
had considerable variations throughout the study period.

Figure 1- Description of the study area (Muttukkadu Backwater, Southeast 
coast of India)

The recorded rainfall value was ranged between 17.3 and 447.3 
mm in the Muttukkadu coastal area. No rainfall was recorded 
during the months of June 2011 and January to April 2012. 
The maximum rainfall of 447.3 mm was recorded during 
November 2011. pH values did not show significant variation 
during the present study. It ranged from 7.23 to 8.95 in surface 
waters for all the three stations. The monthly average pH values 
were high during April and July while low during September. 
The monthly average values showed that it gradually decreased 
from February to June and remained almost constant from 
June to August with a noticeable increase from August. The 
recorded surface water salinity was ranged from 0 to 36 ppt in 
all the stations. The lowest salinity was observed in the months 
of June to September’12 at station 3 and higher salinity was 
observed during the month of March’11 at station 1. The 
increased salinities from February to May was noticed, which 
could be attributed to low freshwater influx during post-
monsoon and summer seasons, whereas dilution of coastal 
water by addition of freshwater from the backwaters during 
NE monsoon period could be the reason for lower salinity 
values observed during October to December. Salinity was 
found reduced to zero or at near zero during the period of sand 
bar formation at station 3. The atmospheric temperature was 
found ranged from 24°C-34°C; highest in summer and lowest 
in winter. The surface water temperature was ranged between 
22°C and 34°C and also showed the same kind of seasonal 
variability of higher values in summer and lower values in 
winter. Mean water temperature fluctuated seasonally. The 
recorded DO content was varied between 2.1 and 6.93 mg 
l−1 for all the stations. The DO values were higher at station 
3 throughout the study period. The monthly average values 
showed a decrease in DO from February to May at station 1, 
followed by gradual increase. No clear trend in DO content was 
observed with respect to stations, although the concentration 
remained higher at station 3. The phosphate concentration 
was found ranged from 10.4 to 24.58 μmol l−1 for all the 
stations. Highest and lowest concentration of phosphate was 
observed during September and July, respectively. Monthly 
average values showed two peaks, one during September and 
the other during November. The recorded nitrate level was 
ranged from 16.21 to 42.6 μmol l−1. The highest value was 
observed during October’12. While lower values were mostly

Figure 2 Monthly variations in rainfall at Muttukkadu Backwaters, 
Southeast coast of India during Nov. 2010-Dec. 2012
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encountered during January-March. The nitrite concentration 
was varied from 0.23- 1.57 μmol/L. Highest concentrations 
were observed during October’12 at station 1, whereas lower 
values observed in September’12 at station 2. Marginally

high concentration of nitrite was noticed in almost all 
observations at station 1, except in some occasions. Monthly 
average values showed that nitrite concentration gradually 
increased from February to August after which it sharply 
decreased from September. However, an abrupt increase in 
nitrite concentration was noticed during February. The silicate 
content was noticed in the range between 22 and 188 μmol 
l−1 in all the stations studied. Highest and lowest values were 
noticed during September 12 and January 12 respectively. The 
silicate concentration was remained high during NE monsoon 
and post-monsoon period. Unlike other nutrients (nitrite, 
nitrate, and phosphate), silicate concentration was found to 
be several folds higher.

The recorded values of Chl-‘a’ was ranged from 2.5 to 84.15 mg 
/m−3 for the three stations sampled (Figure 4a). The highest 

Fig. 3: Seasonal variations in hydrographical parameters of Muttukkadu 
Backwaters, Southeast coast of India during Nov. 2010-Dec. 2012: 
Atmospheric Temperature (a); Surface water Temperature (b); Salinity 
(c); pH (d); Dissolved Oxygen (e); Nitrate (f); Nitrite (g); Phosphate (h); 
Silicate (i)
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value (84.15 mg m−3) was noticed during June’12, while the 
lowest value observed in the month of December’11. The 
higher Chl-‘a’ values was observed during June’12 coincided 
with cyanobacterial bloom which is a common case in this 
station. Station 3 is mostly locked by sand bar formation 
either by natural means or manmade due to adjacent boating 
activities. These activities coupled with wastewater discharge 
from nearby industries and settlement could have led to 
bloom and thereby the higher chlorophyll values are expected 
for this station. The overall gross primary productivity of 
Mutukkadu coastal water was ranged from 41 to 1160 mg 
C m-3 hr-1in all the three stations (Figure 4b). The lowest 
and higher productivity was recorded during monsoon 
and summer seasons respectively. As the salinity and other 
hydrological parameters were in stable condition during 
summer the phytoplankton production was more.

Figure-4A

Figure-4B

Figure-4C

Figure-4D

Figure-4E

Figure- 4F

Figure 4G

Figure 4H

 

Figure-4I

Fig. 4: Seasonal variations in phytoplankton parameters of Muttukkadu 
Backwaters, Southeast coast of India during Nov. 2010-Dec. 2012: Chlorophyll 
(a); Primary productivity (b); Population density (c); Species diversity (d); 
Species richness (e); Species evenness (f); Percentage composition at St. 1 (g); 
Percentage composition at St. 2 (h); Percentage composition at St. 3 (i)
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Species composition

   Totally 141 species of phytoplankton were recorded from 
the Muttukkaducoastal waters (Stations 1, 2 and 3) for 
the period of two years from November 2010 toOctober 
2012. Off these, 87 species of diatoms (Bacillariophyceae), 
20 species of dinoflagellates (Dinophyceae), 21 species of 
blue green algae (Cyanophyceae), 12 species ofgreen algae 
(Chlorophyceae) and 1 species of Chrysophyceae were 
found (Table 1). In general, the distribution and abundance 
of phytoplankton in tropical waters, varied remarkably 
due to the seasonal environmental fluctuations, and these 
variations are well pronounced in the sheltered system of 
estuarine waters. The percentage contribution of each group 
of phytoplankton was in the following order: Diatoms> Blue 
green algae>Dinoflagellates>>Green algae>Cryptophyta. 
In the present observation, diatom holds the top rank in 
percentage composition at stations 1 and 2. Diatoms were 
found predominant with 82 % followed by dinoflagellates 
with 14 %, blue green algae with 2%, green algae (1%) and 
Cryptophyta(1%) at station 1 (Figure 4g). At station 2, 
the diatoms were recorded as major contributors (77%) 
followed by dinoflagellates (12%), blue green algae (10%) 
and green algae (1%) (Figure 4h). However at station 3, the 
blue green algae were predominant with 80% followed by 
diatoms with 15%, dinoflagellates with 3 % and green algae 
with 2 % (Figure 4i). Phytoplankton species composition 
was comparatively more in station 1 and 3 than in station 
2. The population density of phytoplankton was recorded 
in the range between 17,813 and 32606250 cells/l (Figure 
4c). The minimum population density was recorded during 
October - December, whereas, the maximum population 
was recorded during April to July. In the present study, very 
high population density was recorded during the month 
of June 2012 due to occurrence of heavy bloom caused by 
blue green alga Microcystis aeruginosa. The observed high 
density during the summer could be attributed to more stable 
hydrographical conditions prevailed during that period. 
Station 1 and 3 showed comparatively high population 
density than that of station 2. The ranges of phytoplankton 
species diversity for all the three stations were 0.954-4.87 
(Figure 4d). The maximum diversity was noticed at station 1 
during May’12 while minimum at station 3 during May ’12.
The recorded species richness of respective stations 1, 2 and 
3 was ranged from 0.46-0.95 (Figure 4e). Maximum richness 
was observed during May ‘11 at station 1 and minimum 
value during May’12 at station 3.The recorded phytoplankton 
species evenness was ranged between 0.71 and 0.98 (Figure 
4f). The minimum evenness was recorded during the post 
monsoon season whereas the maximum evenness was 
recorded during monsoon season.The statistical correlation 
coefficient matrix is calculated among 16 physico-chemical 
and biological variables (Table 2, 3 &4). The values of Chl-a 
showed positive correlation with phytoplankton diversity 
at all the stations and the values of salinity showed negative 
correlation with rainfall at all the stations.

S.No Phytoplankton Stn 1 Stn 2 Stn 3

Bacillariophyceae (Diatoms)

1. Amphora coffeaeformis  +  +  +

2. Asterionellaglacialis  +  +  +

3. Bacillariaparadaxa  +  +  +

4. Bellerochea malleus  +  +  +

5. Bacillaria paxillifer  +  +  +

6. Bacteriastrumdelicatulum  +  +  +

7. Bacteriastrumhyalinum  +  +  -

8. Bacteriastrumvarians 
(laudar)

 +  -  -

9. Biddulphiaheteroceros  +  +  +

10. Campylodiscuscribrosus  +  +  -

11. Ceratoneis arcus   +  +  +

12. Ceratulinabergoni  +  +  +

13. Chaetocerosaffinis  +  +  +

14. Chaetoceroscompressus  +  +  +

15. Chaetoceroscurvisetus  +  -  +

16. Chaetocerosdecipient  +  -  +

17. Chaetocerosdiversus  +  +  +

18. Chaetoceroslongissima  +  +  +

19. Chaetoceroslorenzianus  -  +  -

20. Chaetocerosmessanensis  +  +  +

21. Chaetocerosorientalis  +  -  -

22. Climacospheniaelongata  +  +  +

23. Cocconeissp.  +  -  -

24. Coscinodiscus 
astromophalus

 +  +  +

25. Coscinodiscus centralis  +  +  +

26. Coscinodiscus concinnes  +  +  +

27. Coscinodiscus gigas  +  +  +

28. Coscinodiscus jonesianus  +  +  +

29. Coscinodiscus lineatus  +  +  +

30. Coscinodiscus marginatus  +  +  +

31. Coscinodiscus radiates  +  +  +

32. Cyclotellastriata  +  +  +

33. Diatoma vulgar  +  -  -

34. Diploneisrobusta  +  +  -

35. Diploneissmithi  +  +  -

36. Ditylumbrightwelli  +  +  +

37. Ditylum sol  +  +  -

38. Eucampiacornuta  -  -  +

39. Eucampiazoodiacus  -  +  +

40. Fragilariabrevistriata  +  +  +

41. Fragilaria intermedia  +  +  +

42. Fragilariaoceanica  +  +  +

43. Fragilariasp.  +  +  +

44. Guinardiaflaccida  +  -  +

45. Gyrosigmabalticum  +  +  -

46. Hemidiscuscuneformis  +  +  +

47. Hemidiscushardmannianus  +  +  +

48. Hylodiscusstelleger  +  +  +

49. Lauderiaannulata  +  +  +
                                                                                          Table 1 continue.......



Biodiversity and Aquatic Research: An International Journal                                                                                                                              Page 6 of 10
Volume 1, Issue 2

Research Article
Volume 1, Issue 2

50. Leptocylindrusdanicus  +  +  +

51. Leptocylindrussp.  +  +  +

52. Melosirasulcata  +  -  -

53. Melosirasulcata  +  -  -

54. Naviculaforcipata  +  +  -

55. Naviculagranulata  +  +  -

56. Nittzschiastriata  +  +  +

5. Nitzschiaclosterium  +  +  +

58. Nitzschialongissima  +  +  +

59. Nitzschiaparadoxa  +  -  -

60. Nitzschiaseriata  +  +  +

61. Nitzschia sigma   +  +  -

62. Nitzschiasigmoidea  +  -  +

63. Odontellamobiliensis  +  +  +

64. Odontellasinensis  +  +  +

65. Odontellaaurita  +  +  +

66. Pinnularia alpine  +  +  -

67. Planktoniella sol  +  +  +

68. Pleurosigmaangulatum  +  +  +

69. Pleurosigmadepressum  +  +  +

70. Pleurosigmaelongatum  +  +  +

71. Pleurosigmanormani  +  +  +

72. Pseudo nitzschiasp.  +  +  +

73. Rhaphoneisamphicera  +  +  +

74. Rhizosoleniaalata  +  +  +

75. Rhizosoleniarobusta  +  +  +

76. Rhizosoleniasetigera  +  +  +

77. Rhizosoleniastyliformis  +  +  +

78. Skeletonemacostatum  +  +  +

79. Skeletonemasp.  +  +  +

80. Stephanopyxispalmeriana  +  +  -

81. Thalassionemanitzschioides  +  +  +

82. Thalassiosiramobilienis  +  +  +

83. Thalassiosira subtilis  +  -  +

84. Thalassiothixfrauenfeldii  +  +  +

85. Thalassiothrixlongissima  +  +  +

86. Triceratiumfavus  +  +  +

87. Triceratiumreticulatum  +  +  +

DINOPHYCEAE (Dinoflagellates)

88. Ceratiumbucephalum  +  +  -

89. Ceratiumextensum  +  +  +

90. Ceratiumfalcatum  +  +  +

91. Ceratiumfurca  +  +  +

92. Ceratiumfuscus  +  +  +

93. Ceratiumharridum  +  -  +

94. Ceratiuminflatum  -  +  +

95. Ceratiumlineatum  +  +  +

96. Ceratiumminutam  +  +  +

97. Ceratiumtrichoceros  +  -  -

98. Ceratiumtripos  +  +  -

99 Dicrateriagilva  +  +  -

100. Dinophysiscaudata +  +  -
                                                                                   Table 1. Continue........

101. Diplosalislenticula  +  -  -

102. Noctilucascintillans  +  +  +

103. Phyrophacussteinli  -  +  +

104. Prorocantrum gracile  +  +  -

105. Prorocantrumsp.  +  +  +

106. Protoperidiniumdepressum  +  -  -

107. Protoperidiniumoceanicum + + -

CYANOPHYCEAE (Blue-Greens)

108. Anabaena constricta  -  -  +

109. Anabaena sp.  -  -  +

110. Aphanocapsarivularis - - +

111. Gloeotrichiaechinulata  -  +  +

112. Lyngbyacaylanica  -  -  +

113. Lyngbyamajuscula - - +

114. Merismopediaglauca  -  -  +

115. Microcystis aeruginosa  -  -  +

116. Oedogoniumdesikaeharyii  -  +  +

117. Oscillatoriaaccuminata  -  +  +

118. Oscillatoriamargaritifera  -  +  +

119. Oscillatorianicroviridis  -  +  +

120. Oscillatoria sancta  -  -  +

121. Oscillatorialimosa  -  -  +

122. Oscillatoriasp.  -  -  +

123. Phyrophacussteinli  -  +  +

124. Rivulariasp.  +  -  +

125. Spirulina sp.  -  +  +

126. Synechococcussp.  -  -  +

127. Trichodesmiumerythraeum  -  -  +

128. Trichodesmiumthiebautii + + -

CHLOROPHYCEAE (Greens)

129. Chlorococcumhumicola  -  -  +

130. Coelastrummicroporum  -  +  -

131. Eudorinaelegans  -  - - 

132. Microsporawilleana  -  -  -

133. Pediastrum simplex  +  -  -

134. Scenedesmusbijugatus  -  +  -

135. Spirogyra indica  -  -  +

136. Closteriumsp.  +  +  +

137. Clostriopsislongissima  +  +  -

138. Chlorella  vulgaris   +  +  -

139. Chlorella marina  +  -  -

140. Euglenasp.

CRYPTOPHYCEAE

141. Rhodomonassalina  +  -  -
Table 1. List of phytoplankton recorded in Muttukkadu coastal waters 
during November, 2010- October, 2012.
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Rainfall A.T S.T Salinity pH D.O Chl-a Phosphate Nitrate Nitrite Silicate PP P.Density P.Diversity P.Richness P.Eveness

Rainfall 1.00

A.T -0.56* 1.00

S.T -0.66* 0.86* 1.00

Salinity -0.63* 0.39 0.46 1.00

pH 0.49 -0.48 -0.58* 0.06 1.00

D.O -0.19 0.04 0.31 -0.18 -0.52 1.00

Chl-a -0.52* -0.02 0.18 0.32 -0.41 0.38 1.00

Phosphate 0.46 -0.38 -0.37 -0.18 0.27 -0.04 -0.27 1.00

Nitrate 0.54* 0.00 0.02 -0.36 0.04 -0.04 -0.30 0.30 1.00

Nitrite 0.18 -0.04 0.13 -0.29 -0.17 0.04 -0.04 -0.01 0.36 1.00

Silicate -0.02 0.39 0.47 -0.18 -0.37 0.15 -0.04 0.12 0.55* 0.51* 1.00

PP -0.38 -0.09 0.04 0.34 -0.21 0.17 0.91* -0.24 -0.24 -0.12 -0.02 1.00

P.Density -0.45 0.17 0.28 0.33 -0.21 0.18 0.71* 0.09 -0.46 -0.20 -0.07 0.10 1.00

P.Diversity -0.19 0.10 0.23 -0.10 -0.31 0.19 0.27 -0.06 0.27 0.27 0.34 0.17 -0.52* 1.00

P.Richness 0.06 0.09 0.19 -0.31 -0.18 0.16 0.03 0.04 0.54* 0.37 0.46 -0.04 -0.53* 0.87 1.00

P.Eveness 0.38 0.04 0.11 -0.52 -0.04 0.10 -0.31 0.12 0.78* 0.46 0.55* -0.33 -0.54* 0.55* 0.86* 1.00

Table 2. Simple correlation coefficient (r) values for the physico-chemical and biological parameters at station 1, *significant at 0.05 level
 

Rainfall A.T S.T Salinity pH D.O Chl-a Phosphate Nitrate Nitrite Silicate PP P.Density P.Diversity P.Richness P.Eveness

Rainfall 1.00

A.T -0.30 1.00

S.T -0.17 0.90* 1.00

Salinity -0.79* 0.40 0.42 1.00

pH 0.57* -0.65* -0.48 -0.54 1.00

D.O 0.15 0.36 0.13 -0.08 -0.21 1.00

Chl-a -0.60 0.14 0.11 0.75* -0.09 -0.06 1.00

Phosphate -0.26 0.12 0.30 0.06 -0.01 -0.35 -0.17 1.00

Nitrate 0.54* 0.24 0.29 -0.21 -0.18 0.26 -0.54* -0.28 1.00

Nitrite 0.24 -0.59* -0.50* -0.16 0.21 -0.27 -0.14 -0.06 0.25 1.00

Silicate 0.33 0.29 0.33 -0.05 0.09 0.08 -0.19 -0.26 0.69* -0.14 1.00

PP -0.77* 0.50* 0.44 0.39 -0.56* -0.08 0.73* 0.04 -0.24 -0.07 -0.14 1.00

P.Density -0.69* 0.39 0.43 0.77* -0.31 -0.01 0.70* 0.24 -0.44 -0.29 -0.30 0.74 1.00

P.Diversity -0.05 0.11 0.24 0.00 0.18 -0.09 0.16 0.42 -0.27 0.04 -0.17 0.21 0.42 1.00

P.Richness 0.12 0.04 0.16 -0.25 0.32 -0.13 -0.02 0.40 -0.22 0.03 -0.07 0.00 0.18 0.95 1.00

P.Eveness 0.57 -0.11 -0.18 -0.75* 0.35 0.14 -0.53* -0.01 0.27 0.10 0.33 -0.62* -0.76* -0.05 0.24 1.00

Table 3 Simple correlation coefficient (r) values for the physico-chemical and biological parameters at station 2, *significant at 0.05 level
 

Rainfall A.T S.T Salinity pH D.O Chl-a Phosphate Nitrate Nitrite Silicate PP P.Density P.Diversity P.Richness P.Eveness

Rainfall 1.00

A.T -0.04 1.00

S.T -0.05 0.54* 1.00

Salinity -0.33 0.33 0.14 1.00

pH 0.08 -0.52* -0.41 0.00 1.00

D.O 0.13 -0.13 0.05 -0.72 -0.42 1.00

Chl-a -0.32 -0.23 -0.01 -0.35 -0.34 0.61* 1.00

Phosphate 0.59* 0.17 0.06 -0.25 -0.12 0.25 0.08 1.00

Nitrate 0.17 0.38 0.05 -0.15 -0.27 0.08 0.05 0.33 1.00

Nitrite 0.22 0.04 0.16 -0.07 0.05 -0.06 -0.09 0.17 0.57* 1.00

Silicate -0.11 0.38 0.21 -0.20 -0.65* 0.43 0.50* 0.22 0.61* 0.31 1.00

PP -0.26 -0.29 0.87 -0.39 -0.27 0.61* 0.98* 0.14 -0.02 -0.11 0.42 1.00

P.Density -0.33 -0.29 0.14 -0.14 -0.22 0.34 0.74* 0.06 0.10 0.10 0.36 0.71 1.00

P.Diversity 0.00 -0.19 -0.47 -0.18 -0.01 0.20 0.41 0.08 -0.17 -0.42 -0.18 0.46 -0.02 1.00

P.Richness 0.19 0.26 -0.21 0.10 0.05 -0.24 -0.55 -0.15 -0.08 -0.29 -0.44 -0.57* -0.74* 0.34 1.00

P.Eveness 0.12 0.21 -0.12 0.41 0.08 -0.65 -0.75 -0.03 -0.15 -0.13 -0.46 -0.72* -0.54* -0.03 0.60* 1.00

Table 4. Simple correlation coefficient (r) values for the physico-chemical and biological parameters at station 3.
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Discussion
The rainfall was found to be an important cyclic phenomenon 
and the hydrographical parameters in estuarine system 
showed a distinct pattern of variations throughout the study 
period. During monsoon rainfall, Muttukkadu backwater 
received a bulk of freshwater inflow from the catchment 
area and thus result abrupt changes on physico-chemical 
and biological parameters. In the present investigation, the 
maximum of rainfall was recorded in the month of November, 
2011 in Muttukkadu. Normally, the rainfall was comparatively 
higher during northeast monsoon in southeast coast of India 
as reported earlier [5].In the present study obvious variation 
in pH was noticed between the stations especially neritic 
and estuarine region of Muttukkadu waters. This significant 
variation in pH observed could be attributed to the land 
drainage and terrestrial runoff at this location. Generally, the 
observed higher summer pH might be due to the influence of 
seawater inundation and biological activity[17, 18]. The salinity 
is the main hydrographical parameter that could be attributed 
to theplankton diversity and distribution. The recorded higher 
salinity values during post monsoon and summer could be 
attributed to the high degree of evaporation and also due to 
neritic water dominance from sea[19, 20]. The surface water 
temperature showed an increasing trend from December to 
April. Generally, surface water temperature is influenced by 
the intensity of solar radiation, evaporation and insolation 
and the presently recorded low temperature during monsoon 
could be due to strong land sea breeze, rainfall and cloudy 
sky[21]. It is well known that the temperature and salinity affect 
the dissolution of oxygen[22]. The presently recorded lower-
summer values could be mainly due to reduced agitation and 
turbulence of the coastal and estuarine waters. The recorded 
higher dissolved oxygen concentration during the monsoon 
season might be due to the cumulative effect of higher wind 
velocity coupled with heavy rainfall and the resultant mixing. 
Nutrients are considered to be the most important parameters 
in the marine environment, influencing growth, reproduction 
and metabolic activities of biotic components. Distribution 
of nutrients is mainly based on the season, tidal conditions 
and freshwater flow from land source. High concentration 
of inorganic phosphate observed during monsoon season 
might possibly be due to intrusion of upwelling seawater 
into the creek that increased the level of phosphate[23] 
Further, regeneration and release of total phosphorus from 
bottom mud into the water column by turbulence and mixing 
could also be attributed to the recorded higher monsoonal 
values[24]. Another possible way of nitrate input is through 
oxidation of ammonia form of nitrogen to nitrite and the 
consequently to nitrate[25]. The observed maximum values 
of nitrate during monsoon season at all the stations, may be 
due to the anthropogenic inputs and organic matter from 
the catchment area during ebb tide[19]. The recorded low 
values during non-monsoonal periodmay be due to decreased 
runoff and to the utilizations of nitrate by phytoplankton as 
evidenced by high photosynthetic activity and also due to 
the dominance of marine water having negligible amount 
of nitrate[21]. The recorded higher values of nitrite during 
monsoon season couldbe due to variation in phytoplankton 
excretion, oxidation of ammonia and reduction of nitrate 
and by recycling of nitrogen and bacterial decomposition 
of planktonic detritus present in the environment[26].

The silicate content was higher than the other nutrients, 
andthe recorded higher monsoonal values might be due 
to heavy influx of freshwater derived from land drainage 
carrying silicate leach out from rocks and also silicate from 
the bottom sediment might have been exchanged with 
overlying water (due to the turbulent nature of water) in 
this estuarine environment. The recorded low concentration 
during post monsoon and summer season could be attributed 
to the uptake of silicate by phytoplankton especially diatoms 
for their biological activity[27, 28].

A higher value of chlorophyll ‘a’ was recorded during April 
to June months and the low value was observed during 
October to December. The recorded low monsoonal 
values could be due to anthropogenic effects as evidenced 
by its positive correlation with salinity and may also 
due to freshwater discharges from the rivers (dilution), 
causing turbidity and less availability of light[29]. Primary 
productivity potential of the marine environments 
depends upon the phytoplankters, which alone contributes 
90% of the total marine primary production. Thus, Chl-
‘a’, which constitutes the chief photosynthetic pigment of 
phytoplankters, is an index that would provide the primary 
production potential upon which the biodiversity, biomass, 
and carrying capacity of that system depends upon. 
Relatively higher Chl-‘a’ values observed during March 
to May showed that the phytoplankton productivity was 
high during the entire summer. A similar observation has 
been made earlier [30]. However, a major peak observed 
during June and July’12 was due to bloom formation which 
attributed to high chl ‘a’ values. A sharp decline in the 
Chl‘a’values from October to January could be attributed 
to the NE monsoon during which the coastal water 
becomes unfavorable for phytoplankton growth due to 
precipitation and land drainage. The observed high primary 
productivity during summer and southwest monsoon 
seasons might be due to increased radiation[31] and is 
supported by the positive correlation with the salinity. The 
increase in respiration in the samples collected during 
northeast monsoon season may be due to the mixing of 
land drainage, which carries a lot of organic substances, 
resulting in the possibility of biologicaloxidation [32]. 
In addition, the low values of primary productivity 
recorded during monsoon season could be due to the 
cloudy weather and allochthonous matter brought down 
by heavy downpour drained from surrounding areas and 
consequent high turbidity[25].Generally, diatoms were 
found to be dominant in station 1 and 2, which could well 
thrive in widely changing hydrographical conditions[33]. 
Presently observed high population density and species 
diversity during summer and premonsoon season might 
be due to the predominance of diatoms viz: Bellerochea 
malleus, Chaetoceroslorenzianus, C. curvisetus, 
Leptocylindrusdanicus, Thalassiothrixfrauenfeldii, 
Odontellasinensis, O. mobiliensis,Planktoniella sol, 
Coscinodiscus centralis, Skeletonemacostatumand 
Trichodesmiumerythraeum. The phytoplankton 
abundance during summer and premonsoon season 
could be attributed to the increased salinity, pH, high 
temperature and high intensity of light penetration 
during the season[34]. The abundance of phytoplankton 
was lowest during entire monsoon seasons, when the
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water column was remarkably stratified to a large extent 
because of heavy rainfall, high turbidity caused by run-off, 
reduced salinity, decreased temperature and pH, overcast sky 
and cool conditions. However, during this season, freshwater 
algal formslike Anabaena sp., Oscillatoriasp., Chlorella sp., 
Lyngbyasp., Spirogyra sp. Volvoxsp. Spirulina major and 
Microcystis aeruginosa were noticed. This is being supported 
by Ei-Gindy and Dorghan[35]who stated that phytoplankton 
and their growth depend on several environmental factors, 
which are variable in different seasons and regions. This kind 
ofcyclic change in the species composition of phytoplankton 
was a characteristic feature of the Pichavaram mangroves[31].
The observed high phytoplankton density during the summer 
could be attributed to more stable hydrographical conditions 
prevailed during that period. Station 1 and 3showed 
comparatively high population density due to high nutrient 
concentrations andoptimal salinity[25, 29]. Further, the 
density showed a negative correlation with nutrients, which 
might be due to the utilization of nutrients by phytoplankton. 
It was noticed that the density value coincided with the 
values of species richness. The population density was found 
to be higher in summer season at all the stations but the 
species diversity values were found to be higher only during 
premonsoon and summer season and it may be due to the 
occurrence of allochthonous species[19, 29]. The least values 
of biodiversity indices were recorded during monsoon and 
post monsoon seasons, but were higher during other periods 
as reported in other regions[24, 19, 29] reported the number 
of phytoplankton species increased consistently towards the 
outer region of the Bay of Bengal, where the salinity was high. 
The observed species richness values from all the stations is 
similar to that of phytoplankton population density and the 
maximumrichness values were recorded during the pre and 
postmonsoon seasons. The present investigation reveals that 
the recorded variations in phytoplankton diversity and relative 
abundance were mainly influenced by the physico-chemical 
parameters prevailed in the study area. Phytoplankton 
diversity and abundance can emphasize the index on health 
and wealth of Muttukkadu coastal waters. These findings 
will be a baseline data to assess the integrity of particular 
ecosystem in future.
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