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I. Introduction 
The fundamental impact of oceans on the formation and intensity of tropical cyclones has been recognized for a 

long time ([1], [2], [3]). Episodic disturbances and transient changes have profound influences on both the 

abundance and production of marine phytoplankton. Recent studies suggest that a significant portion of the 

annual primary production in the ocean is generated during periods following intermittent disturbances [4].  

Strong wind and heavy rain accompanied by typhoon passage induce physical disturbances such as upwelling 

and vertical mixing ([5], [6]), terrestrial runoff and sediment resuspension (Fogel et al. 1999), which supplies 

nutrients to the photic layer [7]. Consequently, phytoplankton biomass and production increase significantly [6]. 

Contribution of the increased primary production to annual primary production has primarily been estimated in 

tropical and subtropical regions. Primary production by coastal phytoplankton contributes to almost 15% of 

global oceanic production. Ongoing climate change and anthropogenic activities are introducing stresses to the 

coastal environment, which affect the ecology and biology of phytoplankton. Changes of land use and 

vegetation cover have impacted fresh water flow, sediment transport, and nutrient dynamics of coastal 

ecosystems [8]. 

The study was performed a year before and after a severe tropical super cyclone devastated the coastal 

ecosystem of the Hooghly-Matlah estuary and the selected data were tallied with data procured from the same 

area a year prior to the event. It primarily focused on the influence of a tropical cyclone in governing biomass 

and biovolume of resident phytoplankton communities and also to delineate the mechanism of shuffling and 

remodeling of existing community structures in a well mixed tropical estuary. Most notable feature revealed 

from the study was that contrary to the popular belief, tropical cyclones don’t always bolster primary 

productivity. In well mixed tropical estuaries, the effect might have varying influences on different groups of 

phytoplanktons, and can at times lead to a drastic decrease in primary productivity also, leading to biovolume 

reduction and thereby affecting the transfer of organic carbon through the energy pyramid, although the effects 

of this phenomenon on other biotic communities was not studied in the context of the study reported here. 

 

II. Material and Methods 

A. Study area 

The sampling stations were Kachuberia (21°51'39"N 88°8'37"E), Chemaguri (21°40'43"N   88°7'28"E) and 

Gangasagar (21° 38' 0" N 88° 5' 0" E) located in the Hooghly estuary (Fig. 1). The selection of these locales 
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were mainly based on their clearly discernible salinity differences, ranging from region with high riverine 

influence (Kachuberia) to brackish water regions (Chemaguri) and marine dominated region (Gangasagar). The 

Hooghly estuary is the first deltaic offshoot of the river Ganges. It is a coastal plain estuary and lies 

approximately between 21°32’-22°40’N and 88°05’-89°00’E and the lower 80 Km of the estuary flows through 

the western part of the marshy coastal areas covered with thick mangrove vegetation and is known worldwide as 

the Sundarbans.  

 
Figure 1 Map of the study sites with sampling stations (black blotches). Three primary sampling stations were selected due to their variation 

in salinity, ranging from river dominated (Kachuberia), brackish water (Chemaguri) and up to marine influenced (Ganga Sagar). The entire 

Hooghly estuary was devastated by a severe tropical super cyclone and the study performed on it should help to find valuable information 

about the effect of such a catastrophe on microphytoplanktons population of a well mixed estuary (Hooghly estuary is one of the most 
important part of the largest deltaic system in the World). 

The north east coast of the Bay of Bengal is highly irregular near the land-ocean boundary and is dissected by a 

large number of strewing rivulets, creeks and tributaries. The river Hooghly is the main artery of the river 

Ganges and is morphed into swampy marshy lands near its estuarine gateway to the Bay of Bengal, with severe 

fluvial deposits. The Hooghly estuary exchanges flow with the Bay of Bengal near the Sagar Island and its tidal 

domain for nearly 250 Km. the mouth of the estuary has a funnel shape and the predominant tidal regime is 

semidiurnal in nature. The vertical tide range at the mouth varies from 5.2m during the spring tide to 1.8m 

during the neap period. This is a well mixed estuary due to the intense tidal and wave actions with a meso-

macrotidal setting (2.5-7m amplitude). Mean current velocities are between 108 and 117 cm s
-1

 during high and 

low tides respectively. The climate of this region is characterized by the southwestern monsoon (July-October), 

northeast monsoon or post monsoon (November-February) and premonsoon (March-June); at least 70-80% of 

the rainfall occurs during the summer monsoon (SW monsoon), resulting in the high river discharge (2952-

11897 m
3
s

-1
), which gradually diminishes to 900-1500 m

3
s

-1 
during non-monsoonal months [9].  

B. Data collection and sample analysis 

Reference for the comparative study was gathered from works of [9] and data presented there was considered to 

be the reflection of the environment a year before the event. The cyclone affected the Sundarban delta and 

gutted existing facilities such as transportation, conveyance, navigation, availability of man power etc which are 

quintessential to any field study in otherwise not so easily accessible waterways of the Sundarban delta. Hence 

the commencement of the study had to be stalled up to the March of 2010 and then only after the gradual 

reclamation of the study sites, the study could be arranged. The study continued up to February, 2011 to ensure 

that enough time has passed since the upheaval and had any change occurred in the environment, it had already 

been established and should be perfect for a comparative analysis. 

Monthly data of surface water salinity, air temperature, water temperature, wind speed, dissolved oxygen, 

primary productivity and essential nutrients (nitrate, phosphate and silicate) were recorded and monthly 

phytoplanktonic sampling was performed from four study sites. Hence a total of 72 (3 x 12 x 2) [no. of sampling 

sites x no. of months a year x no. of years] samplings were considered for the study. The essential 

meteorological back ground data of the days of the collections were procured from the usage of SHIMADZU 

Weather Station. Salinity of the water was first measured with the aid of refractometer and then estimated using 

argentometric method and the factor corrected values were put in. 

Water sample for the estimation purposes was collected using the Niskin water sampler. For the estimation of 

phosphate, nitrate and silicate, the standard methods were followed [10]. Gross primary production and 
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community respiration were measured in situ using the light and dark bottle method [11]. The phytoplankton 

(diatom) sampling was performed using a handheld net [phytoplankton net (bolting silk no. 30, mesh size 20 

µm) equipped with flow meter] from different stations in the Hooghly estuary. The mesh size was fixed for the 

microphytoplanktons and not the nanoplanktons to maintain a certain degree of separation during the study and 

also due to the reason that increased turbidity rendered the usage of smaller mesh size impossible due to large 

quantities of silt clogging. The chief gear used in this purpose was country boats to ensure the least disturbance 

of the prevalent population of phytoplanktons. After the collection, the phytoplankton concentrates were 

transferred into 25 ml TARSON polythene containers and 4% formalin along with Lugol’s iodine were used as 

preservatives depending on the need of clarification and specific preferences. The formalin is a very good agent 

for clearing cells off organic debris but it doesn’t stain cells hence it is hard to discriminate between living, 

viable cells from dead, resuspended ones. The samples were then analyzed under light microscopes, bright field 

microscopes and phase contrast microscopes for their accurate and proper identification, using proper literature 

(effective and valid) ([12], [13], [14]).  

Another method for the quantification of phytoplanktons was used where 1 L water samples in triplicates were 

collected; each preserved with Lugol’s iodine solution and buffered formalin. After 72 hrs of sedimentation, the 

supernatant was filtered off (20 µm) and the phytoplanktons (diatoms, flagellates and dinoflagellates) were 

enumerated in a Sedgwick Rafter counting chamber. The data generated from both the methods were tallied and 

the deviation was negligible ensuring accurate enumeration. 

C. Calculation/Measurement of the phytoplankton biovolume 

The phytoplankton cellular dimensions (length, breadth, height and/or radius, diameter) were measured using 

standardized ocular micrometer and their biovolume were calculated both manually by using the “best fitting 

geometric shape” formulae [15] as well as with the aid of Nikon phase contrast microscope imaging software. 

The final biovolume was tabulated only after negotiating the factorial differences between the two methods. The 

carbon content of the cells was computed using the biovolume to biomass (calculated carbon in picogram per 

cell) conversion formula [16]. The formula is stated as follows: log C (pg) cell
-1

 = (-0.541) log + 0.811log V 

(µm
3
); where, pgC= picogram of carbon; V= calculated biovolume of the cell. The biovolume of the major 

bloom formers in the post catastrophe period was referenced from a very precise study by [17]. 

D. Data compilation and statistical analyses 

All data tabulation and compilation were accomplished using the MS-EXCEL software but for statistical 

analyses, the ‘add-in’ of EXCEL, the XLSTAT software was used and the principal component analysis tool of 

the data analysis package of the XLSTAT 12 was employed to plot the biplot curves and also to deduce that 

correlation matrix.  

III. Results 
A study was performed on the effect of a severe tropical cyclonic storm on the existing phytoplankton 

community of a well mixed tropical estuary. The Hooghly-Matlah estuary severed the purpose of the study site 

and the effect of the storm even after one year was attempted to fathom by comparing some parameters which 

were documented one year before the storm, with the data procured from the current study. A general 

summarization is shown in Table I where all the selected parameters, both biotic and abiotic, have been recorded 

on an overall annual basis. The difference in the nutrient load and salinity in between the two different year of 

study, punctuated by the cyclone is clearly evident here. The monthly variation of the parameters such as 

nutrients (dissolved nitrate-nitrogen, phosphate-phosphorus and silicate), dissolved oxygen, primary 

productivity and surface water salinity of both the pre- and post-cyclonic study periods were compared for a 

better understanding of the fluctuations and a general increase in the nutrient load (except the silicate) and 

salinity was detected in the post-cyclonic estuarine waters (Fig. 2 - 6). 

 
Figure 2 Comparative account of dissolved nitrate-nitrogen in the waters of a well mixed tropical estuary after it has been gutted by a 
tropical cyclone. A study was performed prior to the storm in the year 2007-08 and after one year of the catastrophe in 2009. It is notable 

that on average the 2010-11 study periods recorded a relatively higher amount of nitrate-nitrogen. 
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Figure 3 Comparative analysis of dissolved phosphate-phosphorus in the waters of a well mixed tropical estuary after it has been gutted by 

a tropical cyclone. A study was performed prior to the storm in the year 2007-08 and after one year of the catastrophe in 2009. It is notable 
that on average the 2010-11 study periods recorded a relatively higher amount of phosphate-phosphorus 

 
Figure 4 Comparative chart of dissolved silicate in the waters of a well mixed tropical estuary after it has been gutted by a tropical cyclone. 

A study was performed prior to the storm in the year 2007-08 and after one year of the catastrophe in 2009. It is notable that on average the 
2010-11 study periods recorded a relatively lower amount of silicate. 

 
Figure 5 A comparison using gross primary productivity and dissolved oxygen in the waters of a well mixed tropical estuary after it has 

been gutted by a tropical cyclone. A study was performed prior to the storm in the year 2007-08 and after one year of the catastrophe which 

took place in 2009. It is notable that on average the 2010-11 study periods recorded a relatively lower rate of primary productivity and 
consequent lower concentration of dissolved oxygen. Although the trend followed in both the sessions was more or less similar. 
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Figure 6 A comparative depiction of surface water salinity of a well mixed tropical estuary after it has been gutted by a tropical cyclone. A 

study was performed prior to the storm in the year 2007-08 and after one year of the catastrophe in 2009. Although the trend followed in 
both the sessions was more or less similar, it is worth mentioning that on average the 2010-11 study periods recorded a relatively higher salt 

content in the water, owing to the substantial amount of seawater penetration and subsequent upriver advance of the null point. 

 
The Table II quite elaborately elicits the influence of a tropical cyclone on the existing phytoplankton 

community of a well mixed tropical estuary. About 54 species of phytoplanktons (diatoms and dinoflagellates) 

were reported [9] from the same study sites one year before the cyclone, during 2007-08. And after one year of 

the storm, the number of species recorded was almost threefold as 138 phytoplankton species (comprising 

diatoms, dinoflagellates, blue green algae and green algae) were documented from the study during 2010-11, 

with only about 39 species of phytoplanktons (including diatoms and dinoflagellates) of the pre-cyclone 

community remaining as three times more number of new arrivals popularized the estuarine waters. 

The comparison between biovolumes of nine selected species viz. Asterionella japonicus Cleve, Bacillaria 

paxillifer (O. F. Müller) T. Marsson, Coscinodiscus eccentricus Ehrenberg, Coscinodiscus gigas Ehrenberg, 

Coscinodiscus radiatus Ehrenberg, Ditylum brightwellii (T. West) Grunow in Van Heurck, Pleurosigma 

elongatum W. Smith, Skeletonema costatum (Grev.) Cleve and Thalassiosira hyalina (Grunow) Gran revealed a 

significant situation where the post cyclone biovolumes of these species reduced drastically with pennate 

diatoms such as Asterionella japonicus, Bacillaria paxillifer and Pleurosigma elongatum were the worst 

affected since they exhibited the most severe comparative reduction in their biovolumes and calculated carbon 

contents (Table III). The reason behind the selection of the nine species was because these were recorded in the 

pre-cyclone period (2007-08) to be major bloom formers [9] and therefore also the significant fraction of the 

phytoplankton population and any changes in their immediate environment would be best reflected in any 

change (betterment or detriment) in their metabolism or population dynamics. The calculated carbon content 

also supported the fact that the post-cyclonic conditions may not always be conducive to phytoplankton growth 

and sometimes leads to reduction in biovolume [17]. 

 
Figure 7 A principal component analysis was performed among the variables (both 2007-08 and 2010-11) which included nutrients such 

nitrate-nitrogen, phosphate-phosphorus and silicate; water quality parameters such as salinity; biogenic parameters such as dissolved oxygen 
and primary productivity; meteorological parameters like air and surface water temperature, wind speed and calculated biovolume of major 

bloom forming species (Asterionella sp., Bacillaria sp., Coscinodiscus radiatus, Coscinodiscus gigas, Coscinodiscus eccentricus, Ditylum 

brightwellii, Pleurosigma elongatum and Thalassiosira hyalina)that occurred in both 2007-08 and 2010-11 observation period, in order to 
understand the interactive mechanism of all these abiotic and biotic parameters on the biovolume of the selected species. 
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A principal component analysis (PCA) was performed taking all the selected parameters and the measured 

biovolume of the selected nine species (Fig. 7) and all the parameters excluding only silicate showed severe 

affinity on each other. The plot generated was that of a biplot symmetry curve. 
 

Table I A concise and comparative [selected variables] description of the ecosystem of the study sites a year before and after a severe 

cyclonic storm. The data in the table only represent the average of a 12 month period of study during 2007-08 and 2010-11 respectively. 

Environmental Parameters 2007-08 2010-11 

Dissolved Nitrate-nitrogen (µM) 15.41±4.98 17.12±3.76 

Dissolved phosphate-phosphorus (µM) 1.54±0.73 1.83±0.73 

Dissolved silicate (µM) 76.03±22.47 74.99±21.96 

Dissolved Oxygen (mgL-1) 6.00±1.48 5.71±1.40 

Gross Primary Productivity (mgC m-3 h-1) 29.89±5.45 28.77±5.49 

Water Surface Salinity (psu) 15.27±5.71 15.79±5.80 

Air Temperature (aT°C) 28.49±3.05 26.52±8.67 

Water Temperature (wT°C) 27.45±3.87 27.51±8.34 

Wind Speed at water surface (Km h-1) 6.66±1.23 5.05±1.97 

 

Table II A comparative overall account of the phytoplankton assemblages observed at the study sites in the 2007-08 and 2010-11 study, 

depicting the scenario of a tropical estuary prior to and after its has been shuffled by a natural catastrophe in the form of a super cyclone in 
2009. Only 39 species from the 2007-08 periods were spotted after one year of the cyclone and almost two and half times more number of 

species was recorded during 2010-11, shedding light on the role of tropical storms in remodeling of phytoplankton populations. 

Species Name Class R.A. (%±SD) 2007-08 R.A. (%±SD) 2010-11 

1. Achnanthes breviceps Bacillariophyceae  2.485±0.4967 

2. Actinocyclus roperi Bacillariophyceae  2.9872±0.8694 
3. Actinocyclus octonarius Bacillariophyceae  4.3748±0.2155 

4. Amphora angustata Bacillariophyceae  1.7810±0.7206 

5. Amphora decussata Bacillariophyceae  3.0760±1.3506 
6. Amphora hyalina Bacillariophyceae  2.7285±1.4913 

7. Ankistrodesmus falcatus Chlorophyceae  6.1206±2.7103 

8. Anabaena baltica Cyanophyceae  2.484±0.9210 
9. Anabaena oscillarioides Cyanophyceae  2.830±0.7357 

10. Asterionella japonicus Bacillariophyceae 0.068±0.132 6.8338±7.7735 

11. Amphora ostrearia Bacillariophyceae 0.38±0.485 2.2018±0.6635 
12. Aulacodiscus kittonii Bacillariophyceae  1.8574±0.8817 

13. Bacillaria paxillifer Bacillariophyceae 0.503±0.71 1.9831±1.0246 

14. Bacteriastrum hyalinum Bacillariophyceae 0.125±0.056 2.77±0.4406 
15. Biddulphia (Odontella) mobiliensis Bacillariophyceae 0.190±0.188 3.5352±1.7838 

16. Biddulphia (Odontella) longicruris Bacillariophyceae  2.3921±1.1179 
17. Biddulphia (Odontella) regia Bacillariophyceae  2.6658±0.7503 

18. Biddulphia (Odontella) sinensis Bacillariophyceae 0.68±0.292 3.2778±0.8177 

19. Ceratium furca Dinophyceae 2.09±2.62 2.9089±1.4164 
20. Ceratium fusus Dinophyceae 0.154±0.334 3.4531±1.0089 

21. Ceratium longipes Dinophyceae  2.8084±0.3102 

22. Ceratium cylindrus Dinophyceae  1.9149±0.9180 
23. Ceratium lineatum Dinophyceae  3.2194±0.6430 

24. Ceratium tripos Dinophyceae 0.125±0.056 1.8407±1.0230 

25. Chaetoceros compressus Bacillariophyceae  2.3345±0.5588 
26. Chaetoceros debilis Bacillariophyceae  3.2824±0.7722 

27. Chaetoceros danicus Bacillariophyceae  2.8732±0.5838 

28. Chaetoceros lorenzianus Bacillariophyceae 1.474±2.061 2.5112±1.3794 
29. Chaetoceros laciniosus Bacillariophyceae  1.6415±0.5338 

30. Chaetoceros impressus Bacillariophyceae  2.5453±0.2998 

31. Chaetoceros constrictus Bacillariophyceae 0.466±1.012 2.7528±0.8454 
32. Chaetoceros didymus Bacillariophyceae  1.5351±0.5996 

33. Chaetoceros diadema Bacillariophyceae  1.9830±0.4386 

34. Chaetoceros decipiens Bacillariophyceae 4.523±4.859 1.4455±0.3722 
35. Chaetoceros minimus Bacillariophyceae  1.5336±0.3814 

36. Campylodiscus impressus Bacillariophyceae  2.2517±0.9856 

37. Cocconeis scutellum Bacillariophyceae  1.7405±0.4464 

38. Corethron criophilum Bacillariophyceae  2.4573±1.8951 

39. Cyclotella caspia Bacillariophyceae  2.0292±1.2896 

40. Cyclotella striata Bacillariophyceae 0.357±0.657 2.6924±1.0928 
41. Cylindrotheca closterium Bacillariophyceae  3.7855±2.6814 

42. Cymatopleura solea Bacillariophyceae  1.5123±0.9180 

43. Coscinodiscus centralis Bacillariophyceae  3.8434±1.3537 
44. Coscinodiscus concinnus Bacillariophyceae  4.4465±2.3396 

45. Coscinodiscus eccentricus Bacillariophyceae 4.592±3.685 3.8345±1.6674 
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46. Coscinodiscus gigas Bacillariophyceae 0.375±0.168 3.0522±1.4715 

47. Coscinodiscus perforatus Bacillariophyceae  4.0528±1.4035 

48. Coscinodiscus granii Bacillariophyceae  3.7764±1.1461 
49. Coscinodiscus hyalinus Bacillariophyceae 2.733±4.47 6.8676±2.8384 

50. Coscinodiscus lineatus Bacillariophyceae 2.799±3.289 4.2243±1.3599 

51. Coscinodiscus oculus-iridis Bacillariophyceae  3.4166±0.5679 
52. Coscinodiscus radiatus Bacillariophyceae 1.691±1.919 5.5469±2.7826 

53. Coscinodiscus tumidus Bacillariophyceae  2.7801±1.2387 

54. Coscinodiscus wailesii Bacillariophyceae  3.6199±2.2147 
55. Diatoma anceps Bacillariophyceae 0.125±0.056 2.7648±0.7640 

56. Ditylum brightwellii Bacillariophyceae 0.8±0.63 2.8902±0.7856 

57. Ditylum buchananii Bacillariophyceae  3.1282±1.2088 
58. Eucampia zodiacus Bacillariophyceae 0.084±0.118 1.7173±1.0229 

59. Fragillaria spp Bacillariophyceae  2.8864±0.3805 

60. Guinardia flaccida Bacillariophyceae 0.607±0.942 1.744±0.6762 
61. Gyrosigma sp. Bacillariophyceae 0.139±0.184 1.5586±0.6241 

62. Gyrosigma littorale Bacillariophyceae  3.0065±1.7419 

63. Gyrosigma scalproides Bacillariophyceae  2.0052±0.8906 
64. Haslea wawrikae Bacillariophyceae  1.6110±1.0452 

65. Hemidiscus kanayanus Bacillariophyceae  1.9789±0.7694 

66. Hemiaulus sinensis Bacillariophyceae  2.8765±1.0943 
67. Isthmia enervis Bacillariophyceae  2.3680±0.8675 

68. Lauderia annulata Bacillariophyceae 1.193±1.347 2.7407±0.6441 

69. Leptocylindrus danicus Bacillariophyceae 0.955±0.962 2.1910±1.2539 
70. Leptocylindrus minimus Bacillariophyceae 1.404±2.159 1.7625±0.4904 

71. Licmophora flabellata Bacillariophyceae  2.2460±0.6913 
72. Lioloma elongatum Bacillariophyceae  3.0089±0.4384 

73. Melosira granulata Bacillariophyceae 0.26±0.518 2.4738±1.2029 

74. Microcystis flos-aquae Cyanophyceae  2.9717±0.7784 
75. Navicula arenaria Bacillariophyceae  2.1316±1.2003 

76. Navicula clementis Bacillariophyceae  2.6763±1.5106 

77. Navicula cruciculoides Bacillariophyceae  3.4139±2.1092 
78. Navicula crucigera Bacillariophyceae  4.1453±1.5897 

79. Navicula directa Bacillariophyceae  2.8975±1.1251 

80. Navicula distans Bacillariophyceae  2.3931±1.3324 
81. Navicula ergadensis Bacillariophyceae  3.3081±1.6255 

82. Navicula fumarchica Bacillariophyceae  3.9693±1.9909 

83. Navicula maculosa Bacillariophyceae  2.2814±1.0684 
84. Navicula marina Bacillariophyceae 1.413±1.57 6.3076±2.9718 

85. Navicula palpebralis Bacillariophyceae  2.3607±1.3455 

86. Navicula peregrina Bacillariophyceae  1.7652±0.6076 
87. Navicula pupalis Bacillariophyceae  2.4072±0.5305 

88. Navicula rostellata Bacillariophyceae  3.0635±2.5261 

89. Navicula socialis Bacillariophyceae  3.1516±1.5701 
90. Navicula transitans var. derasa Bacillariophyceae  3.4813±1.0614 

91. Navicula transitans var. transitans Bacillariophyceae  3.2015±1.2427 

92. Navicula viridis Bacillariophyceae  3.9535±2.3626 
93. Noctiluca scintillans Bacillariophyceae  2.7358±0.4900 

94. Nitzschia acicularis Bacillariophyceae  4.8827±2.2069 

95. Nitzschia acuminata Bacillariophyceae  2.7376±1.7501 

96. Nitzschia bilobata Bacillariophyceae  3.0131±1.2551 

97. Nitzschia sigma Bacillariophyceae 0.884±0.991 3.8259±1.5991 

98. Nitzschia sigmoidea Bacillariophyceae  4.7116±1.5113 
99. Okedenia inflexa Bacillariophyceae  3.6914±2.1942 

100. Pinnularia ambigua Bacillariophyceae  3.5074±1.9367 

101. Pinnularia rectangulata Bacillariophyceae  4.8068±3.9306 
102. Pinnularia viridis Bacillariophyceae  2.3833±0.7670 

103. Planktoniella sol Bacillariophyceae  1.9385±0.7530 

104. Pleurosigma angulatum Bacillariophyceae  4.8582±2.6009 
105. Pleurosigma elongatum Bacillariophyceae 2.367±2.034 3.138±1.1044 

106. Pleurosigma formosa Bacillariophyceae  3.9233±0.8894 

107. Pleurosigma aestuarii Bacillariophyceae  3.9190±2.3760 
108. Proboscia alata var. gracillima Bacillariophyceae  1.6570±0.6223 

109. Proboscia alata var. indica Bacillariophyceae  2.6852±1.0992 

110. Protoperidinium breve Dinophyceae 0.877±0.832 2.3669±0.6256 
111. Protoperidinium claudicans Dinophyceae  2.0468±0.6909 

112. Protoperidinium brevipes Dinophyceae  2.0551±0.7276 

113. Protoperidinium depressum Dinophyceae  1.7488±0.5325 
114. Protoperidinium divergens Dinophyceae  2.0909±0.7124 

115. Protoperidinium pallidum Dinophyceae  3.1786±0.3933 

116. Pseudonitzschia delicatissima Bacillariophyceae  2.2071±0.7969 
117. Pseudonitzschia pseudodelicatissima Bacillariophyceae  2.0799±0.7429 

118. Pseudonitzschia seriata Bacillariophyceae 3.111±1.906 2.8976±0.7754 

119. Pseudonitzschia seriata f. seriata Bacillariophyceae  2.8725±0.9952 
120. Rhizosolenia hebetata Bacillariophyceae 0.515±1.152 3.4034±1.3812 
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121. Rhizosolenia setigera Bacillariophyceae 0.972±1.065 3.7202±2.3997 

122. Rhizosolenia styliformis Bacillariophyceae 0.527±0.644 4.2255±1.6361 

123. Scenedesmus sp. Bacillariophyceae  2.9062±2.884 
124. Skeletonema costatum Bacillariophyceae 18.952±24.54 6.7665±6.3629 

125. Stephanopyxis palmeriana Bacillariophyceae  2.4504±0.4764 

126. Surirella ovata Bacillariophyceae  2.5002±0.8313 
127. Synedra ulna Bacillariophyceae 1.687±3.389 2.9582±1.331 

128. Synedra oxyrhyncus Bacillariophyceae  2.7818±1.0248 

129. Surirella robusta Bacillariophyceae  2.6139±0.4406 
130. Thalassionema frauenfeldtii Bacillariophyceae 5.499±7.052 3.7893±0.8533 

131. Thalassionema nitzschioides Bacillariophyceae  3.4343±1.1436 

132. Thalassiosira condensata Bacillariophyceae  3.8438±1.9068 
133. Thalassiosira hyalina Bacillariophyceae 3.538±7.364 3.3682±1.6897 

134. Thalassiothrix longissima Bacillariophyceae  2.5194±0.8865 

135. Trichodesmium erythraeum Cyanophyceae  2.2118±0.6337 
136. Triceratium favus Bacillariophyceae  3.3255±1.5491 

137. Tropidoneis lepidoptera Bacillariophyceae  2.7119±1.4631 

138. Tropidoneis pusilla Bacillariophyceae  2.1222±1.1244 

the population was dominated by mostly the diatoms and dinoflagellates; but addition of cyanophyceae and chlorophyceae during 2010-11 
was a notable feature 

 

Table III The changes in biovolume and calculated carbon content of major diatoms (phytoplanktons) one year before and after a severe 
tropical cyclonic storm to shed light on the extents of changes the ecosystem had to endure. Only those species which were documented 

prior to the event as bloom formers have been used in this comparison, excluding the newly arrived ones since a comparative account could 

not be established due to absence of these species in previous studies. 

Species Biovolume2007-08 [million µm3] Biovolume2010-11 [million µm3] Calculated 

Carbon 2007-

08 [pgcell-1] 

Calculated 

Carbon 2010-

11[pgcell-1] 

Asterionella japonicus 0.067 0.00105 15161.8 521.17 

Bacillaria paxillifer 5.275 0.00157 523028 722.23 

Coscinodiscus eccentricus 1.11 0.30889 147761 52364.1 

Coscinodiscus gigas 9.036 5.74365 809281 560408 

Coscinodiscus radiatus 1.624 0.50868 201181 78474.6 

Ditylum brightwellii 9.972 0.14125 876628 27761.5 

Pleurosigma elongatum 5.214 0.38095 518118 62070.7 

Skeletonema costatum 0.004 0.00148 1541.96 688.47 

Thalassiosira hyalina 0.037 0.01616 9367.3 4784.63 

 

IV. Discussion 

From the Fig. 2 to 6 and the Table I, it is quite clear that the post cyclonic waters recorded a comparatively 

higher dissolved nitrate-nitrogen and phosphate-phosphorus but a lower concentration of dissolved silicate than 

the recorded values from the pre-cyclonic period. It quite obvious that the storm surge forced a huge amount of 

water landward and the inundation caused by the overflowing river basins added up the  extra amount of washed 

up nutrients from the agricultural lands as well as mangrove soils which were otherwise out of reach of the 

highest high tide limit. But the lower silicate concentration in the water may be explained with the help of Table 

II where it clearly depicts that almost three times more number of phytoplankton species have been recorded 

compared to the mere 54 from the pre-cyclone waters, among which the most domineering group was the 

diatoms and the increased scavenging of silica from the water column for the purpose of developing there 

frustules might have accounted for the lower silica content. This fact is well supported by the Fig. 7 showing a 

symmetry biplot curve of the principal component analysis performed among all the selected parameters and 

only silicate stood out independently, showing that the silicate behaved completely different than the others. The 

sudden significant rise in the population density of the phytoplanktons after the cyclone is very important 

observation and certainly sheds light on the impact a natural calamity such as a tropical severe cyclone can have 

on the existing microalgal populations, since salinity might be the most influential parameter in terms of size 

distribution of diatoms in an estuary [18]. From the Table I and Fig. 6, the surface water salinity variation is 

apparent and obvious since a huge load of marine water forced by the strong cyclone wind travelled upriver 

thereby extending the null point towards the freshwater domain of the estuary and consequently increasing the 

salt content of the entire estuarine waters which in time must have reverted back to the normal threshold value. 

The existing salinity harbored a specific group of phytoplanktons but a sudden rise in it forced the lesser 

euryhaline ones to vacate the environment and more stenohaline species found their way into the estuary and 

even with the gradual reduction in the salt content, the species might have settled and flourished due to the 

sudden but perpetual rise in the nutrient load of the estuary.  
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The dissolved oxygen and the gross primary productivity of the estuary, after the cyclone, decreased notably 

(Fig. 5 and Table I). The reason behind this could be due to the fact that the substantial deposition of sediment 

laden water into the river basin and consequent turbidity increase leading to scattering of light which eventually 

reduced the rate of photosynthesis by partial hindrance. This fact can be well reflected by the data available in 

Table III. The paradoxical situation where the water contained higher amount of nutrients but lacked in primary 

productivity, leading to lower dissolved oxygen could be explained by the fact that nutrient spike along with 

salinity rise enabled a large array of phytoplanktons belonging to different water regime to cohabit the same 

environment. It led to a condition where lower photosynthesis coupled with large scale consumption of oxygen 

rendered the water with comparatively lower amount of dissolved oxygen than the water prior to the cyclone, 

which is contrary to some localized studies which stated cyclone help increase the biovolume of existing 

phytoplankton species. 

The Table III also revealed another very astonishing fact where it has been clearly illustrated that in the post-

cyclone waters, the pennate diatoms such as the Asterionella, Bacillaria and Pleurosigma etc were the worst 

affected among the others in terms of biovolume and calculated carbon content reduction. A hypothesis can be 

put forth that centric diatoms have relatively and comparatively higher surface area to volume ratio than their 

pennate counterparts thereby enabling them to outcompete the pennate ones by capturing greater amount of the 

available sunlight with their larger surface area compared to pennate diatoms, leading to greater photosynthetic 

activity and higher biovolume with more calculated carbon per cell.  The centric diatoms also was affected by 

the condition as there biovolume also exhibited to decrease compared to the pre-cyclonic period, but not as 

much as the pennate diatoms. This points out to the fact that natural catastrophe such as a tropical cyclone can 

shift, shuffle and restructure existing phytoplankton population in a well mixed tropical estuary, since dominant 

diatoms in such conditions have been known to regulate each other’s frequency of occurrence [19] and shed 

valuable light on the impact of such events on the species distribution and species pattern of the world wide 

population of tropical estuarine and coastal diatoms species. 

 

V. Conclusion 

The study points to a scenario where the impact of a sever tropical cyclone have been reflected by the water 

quality parameters and most importantly the biotic community, in the form of phytoplanktons. A study on the 

whole sheds light on the condition a well mixed estuary is left at after it has been subjected to a super cyclone 

by comparing selected parameters recorded from the same area one year prior and after the event. The 

observation which can enable ecologists, botanists and naturalists to fathom the impact of such a catastrophe on 

the biotic segment of the ecosystem is the fact that the post cyclonic water recorded three times more number of 

phytoplankton species, thereby changing the resident population and community altogether. The most important 

finding was that such catastrophes affect the pennate diatoms far worse than the centric diatoms, as 

photosynthetic activity, if hindered by sediment suspension load, can affect all but pennate diatoms with their 

comparatively lower surface area to volume ratio bear the brunt of the ill effect. This study thus can serve as a 

stark reminder that tropical cyclones can lead to decreased biovolumes in well mixed estuaries, affecting 

everything that is associated with it, in the long term process. 
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