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ABSTRACT 

Environmental responses in the Cochin coastal waters were studied during the monsoon, post-monsoon, and 

pre-monsoon periods. The monsoon, post-monsoon, and pre-monsoon ranges for hydro chemical parameters in 

the water column were, respectively: temperature (20.8–27.8°C, 21.5–29.3° C, and 22.5–30.2° C); salinity 

(30.3–35.6 psu, 30.8–36.1 psu, and 31.3–36.5 psu); dissolved oxygen (14–180 μmol/L, 23–189 μmol/L, and 46–

196 μmol/L); nitrate (5.88–20.65 μmol/L, 2.35–7.28 μmol/L,and 0.88–3.15 μmol/L); nitrite (0.45–2.95 μmol/L, 

0.38–2.51 μmol/L,and 0.29–1.95 μmol/L); phosphate (0.98–2.46 μmol/L, 0.85–2.09 μmol/L, and 0.64–1.60 

μmol/L); and silicate (5.33–21.50 μmol/L, 4.05–16.35 μmol/L, and 3.65–14.65 μmol/L). During the monsoon, 

post-monsoon, and pre-monsoon periods, the water column showed high enrichment, moderate enrichment, and 

slight enrichment of nutrients, indicating a hypertrophic environment (surface chlorophyll a ≥ 5 mg/m3), a 

eutrophic environment (surface chlorophyll a = 4 – 5 mg/m3), and an oligotrophic environment (surface 

chlorophyll a ≤ 1 mg/m3), respectively. The enhancement of surface chlorophyll a that was observed in the shelf 

waters off Cochin from the pre-monsoon to the post-monsoon seasons and from the post-monsoon to the 

monsoon seasons was caused by the increasing bioavailability of nutrients from anthropogenic sources on land 

that were discharged through the rivers. 
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INTRODUCTION 

 
Riverine transport is the principal pathway for nutrient additions from land to sea1. Anthropogenic 

pressures within riverine catchments dramatically increase the loading of nutrients and organic matter 

over natural levels in many coastal marine environments worldwide2. For instance, over the past few 

decades, apart from upwelling’s of deep oceanic waters, the coastal waters off southwest India are 

also strongly influenced by the increased nutrient inputs from land that are derived from the rise in 

agricultural fertilizer usage, industrial effluent discharges, domestic effluent discharges, aquaculture 

waste inputs and atmospheric deposition3-6. Consequently, nutrient levels in the coastal waters of 

Cochin are controlled by the mixing of freshwater from rivers and Arabian Sea waters6. This 

enhanced nutrient loading through both the freshwater influx and upwelling leads to eutrophication of 

surface waters and development of hypoxia in bottom waters3. Hence, it is necessary to establish the 

effects of eutrophication and hypoxia on the bio-geochemical cycling of elements such as nitrogen, 

phosphorus, and silica from the coastal waters off southwest India. An understanding of the physical 

and bio-geochemical processes that control the fertility and nutrient content of coastal waters is 

particularly challenging and is essential in a forensic investigation for predicting the environmental 

response to continuously evolving anthropogenic pressures 6,7. The present study attempts to evaluate 
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the seasonal variations of hydrography (temperature, salinity and dissolved oxygen), nutrients (nitrate, 

nitrite, phosphate and silicate) and chlorophyll a along the coastal waters off Cochin. 

 

MATERIALS AND METHODS 
 

Environmental parameters (that is, temperature, salinity, dissolved oxygen, nitrate-nitrogen, nitrite-

nitrogen, phosphate-phosphorus, silicate-silicon and chlorophyll a) were measured in the Cochin 

coastal waters during the monsoon (July 2015), post-monsoon (December 2015), and pre-monsoon 

(March 2016) seasons. Five stations (1 to 5) with a bottom depth of 10, 12, 20, 30, and 50 m were 

selected at the mouth of the Cochin estuary for water sampling (Figure 1), with the goal of 

understanding the effects of anthropogenic terrestrial inputs on the water quality of this region6. The 

continental shelf in that area is classified into three regions, with stations 1 and 2 being near the shore, 

stations 3 and 4 were over the inner shelf, and station 5 was over the mid shelf. Water samples were 

collected using a 5 L Niskin sampler (Hydrobios–Kiel) from standard depths (the surface, 10 20, 30, 

and 50 m), according to the Joint Global Ocean Flux Study (JGOFS) protocols8. The temperature was 

measured using a sensitive centigrade thermometer (accuracy ± 0.1°C) with a graduation of 0–50°C. 

The salinity was measured using a digital salinometer (DIGI-AUTO model 3G, Tsurumi Seiki, Japan; 

accuracy ± 0.001 psu) after calibration with standard sea water. Nutrients (nitrate-nitrogen, nitrite-

nitrogen, phosphate-phosphorus, and silicate-silicon) were analyzed by following the standard 

colorimetric techniques using a SKALAR Segmented Flow Auto Analyzer (Model SA-1050)9. 

Dissolved oxygen was estimated by the Winkler’s method of titration9. The analytical precision of the 

nutrient measurement was ± 0.10 µmol N/L for nitrate, ± 0.02 µmol N/L for nitrite, ± 0.04 µmol P/L 

for phosphate, and ± 0.05 µmol Si/L for silicate. Water samples (2 L) for chlorophyll a measurements 

were filtered through Whatman 47 mm GF/F filter (nominal pore size 0.7 μm) under gentle vacuum 

(< 50 mm Hg pressure) and stored at -20°C until the analysis. Chlorophyll a in the filters were 

extracted with 10ml 90% acetone at 4°C in the dark for 12 hours and it was estimated 

spectrophotometrically (Perkin-Elmer, UV/Vis) 10. 
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Figure 1: Map of the Cochin coastal waters with station locations. 

 

RESULTS AND DISCUSSION 
 

The seasonal variations of hydrography (temperature, salinity, and dissolved oxygen), nutrients 

(nitrate, nitrite, phosphate and silicate),  and chlorophyll a concentrations in the coastal waters of 

Cochin during the monsoon, post-monsoon and pre-monsoon periods are presented in Tables 1, 2 and 

3. 

Table 1. Variations of temperature (°C), salinity (psu), dissolved oxygen (µmol/L), nitrate (µmol/L), nitrite 

(µmol/L), phosphate (µmol/L), silicate (µmol/L) and chlorophyll a (mg/m3) in the water column of the 

Cochin coastal waters during the monsoon. 
Stations Depth 

(m) 

Temperature 

(°C) 

Salinity 

(psu) 

Dissolved 

oxygen 

(µmol/L) 

Nitrate 

(µmol/L) 

Nitrite 

(µmol/L) 

Phosphate 

(µmol/L) 

Silicate 

(µmol/L) 

Chlorophyll a 

(mg/m3) 

 

1 
surface 27.2 30.3 178 8.58 0.58 1.25 6.85 6.57 

10m 
26.3 33.3 18 10.25 2.85 1.56 7.45 6.15 

 

2 surface 
27.8 

30.8 180 8.46 0.45 1.18 6.25 6.48 

10m 26.5 
33.5 16 10.58 2.75 1.65 7.86 6.05 

 

3 surface 
27.5 

33.5 180 7.58 0.45 1.22 6.56 6.28 

10m 26.3 

34.5 16 8.45 0.55 1.58 7.48 Not analysed 

20m 24.5 
34.8 14 10.28 2.88 1.65 8.45 5.85 

 

 

4 

surface 
27.8 

33.5 180 6.58 0.45 1.18 6.05 5.35 

10m 26.5 

34.8 180 6.85 0.55 1.35 5.92 Not analysed 

20m 
24.5 35.0 18 16.45 2.85 2.16 14.93 Not analysed 
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30m 23.8 
35.0 16 16.88 2.95 2.18 18.52 5.06 

 

 

5 

surface 
27.8 

33.5 180 5.88 0.48 0.98 5.33 5.38 

10m 
27.5 34.8 180 6.87 0.56 1.22 5.38 Not analysed 

20m 26.5 
35.4 170 13.56 2.85 1.38 13.20 Not analysed 

30m 22.5 

35.4 16 13.88 2.58 1.46 15.80 Not analysed 

50m 20.8 35.6 14 20.65 0.48 2.46 21.50 5.05 

 

Temperature of the water column ranged from 20.8–27.8°C, 21.5–29.3° C, and 22.5–30.2° C, during 

the monsoon, post-monsoon and pre-monsoon periods, respectively. The salinity of the water column 

ranged from 30.3–35.6 psu, 30.8–36.1 psu, and 31.3–36.5 psu, during the monsoon, post-monsoon 

and pre-monsoon periods, respectively. Similarly, dissolved oxygen content of the water column 

ranged from 14–180 μmol/L, 23–189 μmol/L, and 46–196 μmol/L, during the monsoon, post-

monsoon and pre-monsoon periods, respectively. Low values of temperature ranges noted in the water 

column during the monsoon and post-monsoon periods, compared to the pre-monsoon period are a 

result of the cooling effect caused by river runoff and upwelling6,11. Low salinity (≤ 34 psu) and low 

dissolved oxygen saturation (≤ 190 μmol/L) noted at surface waters during the monsoon and post-

monsoon periods compared to the pre-monsoon period is a result of high freshwater influx and land 

drainage6,12. 

Table 2. Variations of temperature (°C), salinity (psu), dissolved oxygen (µmol/L), nitrate (µmol/L), nitrite 

(µmol/L), phosphate (µmol/L), silicate (µmol/L) and chlorophyll a (mg/m3) in the water column of the 

Cochin coastal waters during the post-monsoon. 
Stations Depth 

(m) 

Temperature 

(°C) 

Salinity 

(psu) 

Dissolved 

oxygen 

(µmol/L) 

Nitrate 

(µmol/L) 

Nitrite 

(µmol/L) 

Phosphate 

(µmol/L) 

Silicate 

(µmol/L) 

Chlorophyll a 

(mg/m3) 

 

1 
surface 28.6 30.8 186 3.05 0.49 1.06 5.15 5.05 

10m 
27.5 33.8 23 3.55 2.45 1.33 5.58 4.85 

 

2 surface 29.0 31.3 186 2.96 0.38 1.05 4.68 5.06 

10m 
27.8 34.0 23 3.75 2.35 1.40 5.95 4.86 

 

3 surface 29.2 34.0 189 2.65 0.38 1.04 4.45 4.86 

10m 

27.5 35.0 24 2.96 0.47 1.34 5.65 Not analysed 

20m 
25.7 35.3 24 3.66 2.45 1.40 6.35 4.65 

 

 

4 

surface 29.3 34.0 186 2.35 0.38 1.05 4.55 4.27 

10m 

27.8 35.3 184 2.45 0.47 1.15 4.45 Not analysed 

20m 
25.8 35.5 24 5.76 2.45 1.84 11.28 Not analysed 

30m 
25.3 35.5 24 5.95 2.51 1.85 13.88 4.06 

 

 

5 

surface 29.2 34.0 185 2.65 0.41 0.85 4.08 4.25 

10m 
28.9 35.3 184 2.45 0.48 1.04 4.05 Not analysed 

20m 
27.5 35.9 179 4.75 2.45 1.17 9.95 Not analysed 

30m 

23.6 35.9 25 4.86 2.18 1.24 11.75 Not analysed 

50m 21.5 36.1 24 7.28 0.41 2.09 16.35 4.05 
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Table 3. Variations of temperature (°C), salinity (psu), dissolved oxygen (µmol/L), nitrate (µmol/L), nitrite 

(µmol/L), phosphate (µmol/L), silicate (µmol/L) and chlorophyll a (mg/m3) in the water column of the 

Cochin coastal waters during the pre-monsoon. 
Stations Depth 

(m) 

Temperature 

(°C) 

Salinity 

(psu) 

Dissolved 

oxygen 

(µmol/L) 

Nitrate 

(µmol/L) 

Nitrite 

(µmol/L) 

Phosphate 

(µmol/L) 

Silicate 

(µmol/L) 

Chlorophyll a 

(mg/m3) 

 

1 
surface 29.5 31.3 190 1.28 0.38 0.81 4.68 1.05 

10m 
28.5 34.3 46 1.55 1.85 1.01 5.07 0.98 

 

2 surface 30.3 31.6 190 1.27 0.29 0.77 4.25 1.06 

10m 
28.8 34.3 46 1.58 1.78 1.07 5.34 0.97 

 

3 surface 30.0 34.3 195 1.14 0.29 0.79 4.46 0.95 

10m 

28.8 35.4 47 1.27 0.36 1.03 5.08 Not analysed 

20m 
26.9 35.7 47 1.55 1.87 1.07 5.75 0.95 

 

 

4 

surface 30.2 34.3 196 0.99 0.29 0.77 4.15 0.85 

10m 

28.9 35.7 193 1.03 0.36 0.88 4.05 Not analysed 

20m 
26.8 35.9 48 2.47 1.85 1.40 10.15 Not analysed 

30m 
25.8 35.9 48 2.53 1.95 1.42 12.58 0.78 

 

 

5 

surface 30.2 34.3 194 0.88 0.31 0.64 3.65 0.88 

10m 
30.0 35.7 193 1.05 0.36 0.79 3.66 Not analysed 

20m 
28.8 36.3 188 2.03 1.85 0.90 8.98 Not analysed 

30m 

24.5 36.3 48 2.08 1.68 0.95 10.25 Not analysed 

50m 22.5 36.5 48 3.15 0.31 1.60 14.65 0.76 

 

The nitrate concentrations in the water column varied from 5.88–20.65 μmol/L, 2.35–7.28 μmol/L, 

and 0.88–3.15 μmol/L, during the monsoon, post-monsoon and pre-monsoon periods, respectively. 

The nitrite concentrations in the water column varied from 0.45–2.95 μmol/L, 0.38–2.51 μmol/L, and 

0.29–1.95 μmol/L, during the monsoon, post-monsoon and pre-monsoon periods, respectively. 

Similarly, phosphate concentrations in the water column varied from 0.98–2.46 μmol/L, 0.85–2.09 

μmol/L, and 0.64–1.60 μmol/L, during the monsoon, post-monsoon and pre-monsoon periods, 

respectively. The silicate concentrations in the water column varied from 5.33–21.50 μmol/L, 4.05–

16.35 μmol/L, and 3.65–14.65 μmol/L, during the monsoon, post-monsoon and pre-monsoon periods, 

respectively. Nutrient concentrations in the water column increased from the pre-monsoon to the post-

monsoon seasons and from the post-monsoon to the monsoon seasons due to a combined effect of 

river runoff and upwelling6 (George et al. 2013). 

 

Coastal waters showed an increase in nutrient levels compared to open ocean waters as they receive 

high anthropogenic inputs from rivers and streams that carry industrial, agricultural, and domestic 

effluents discharged from the land, as well as those that contain substances like chemical ores, bio-

fertilizers, synthetic fertilizers, synthetic detergents, and human as well as animal excreta, which are 

considered as major sources of nutrients1,13. The slight enrichment of nitrate (~ 1.0 µmol/L) and 

phosphate (~ 0.8 µmol/L) in surface waters during the pre-monsoon season indicated nitrogen and 

phosphorus loading from anthropogenic sources on land that discharged through rivers. A similarly 

high enrichment of nitrate (~ 8.0 µmol/L) and phosphate (~ 1.2 µmol/L) in surface waters analogous 
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to bottom water levels of nitrate (5.0 – 10.0 µmol/L) and phosphate (1.0 – 1.5 µmol/L) were found at 

stations 1, 2, and 3 during the monsoon and post-monsoon seasons. This indicated that apart from the 

upwelling of deep oceanic waters (at stations 4 and 5), substantial nitrogen and phosphorus loading 

took place on the Cochin coast because of riverine discharges6. Similarly, the slight enrichment of 

silicate (~ 4.0µmol/l) at surface waters during the pre-monsoon period indicated the presence of silica 

loading from the weathered sediments on land that discharged through rivers. A high enrichment of 

silicate (~ 7.0 µmol/l) in the surface waters analogous to the levels found in the bottom waters (6.0 – 

8.0 µmol/l) at stations 1, 2, and 3 during the monsoon and post-monsoon periods indicated that apart 

from the upwelling of deep oceanic waters (at stations 4 and 5), a substantial silica loading also took 

place on the Cochin coast because of riverine discharges6. 

 

The increase in oxygen deficiency observed in the bottom waters from the pre-monsoon to post-

monsoon and the post-monsoon to the monsoon seasons was attributed to the enhancement of nutrient 

and organic-matter loading from season-to-season at the Cochin coast5. During the monsoon and post-

monsoon seasons, high nutrient-rich waters persisted along with the hypoxic waters (dissolved oxygen 

~ 20µmol/L) in the bottom layers since the sub-thermocline water (waters below 10m in depth) in the 

shelf region off Cochin came from upwelled water derived from poleward undercurrents located in 

offshore waters at a depth of approximately 50m to 75m and that already had a high nutrient 

content3,5-6. Even though the upwelled waters rarely had contact with surface waters, the shelf region 

off Cochin showed an excess of nutrients in the surface waters that coincided with low salinity waters, 

owing to its proximity to riverine or estuarine discharges4. Industrial effluent discharges, leakage from 

septic tanks, agricultural runoff, water management practices, aquaculture waste inputs, and domestic 

sewage inputs from the land likely caused an increase in the anthropogenic sources of nutrients 

observed in the shelf waters off Cochin14.  Thus, the seasonal bio-availability of nutrients in surface 

waters at the shelf region off Cochin was not only mainly kept from regeneration due to upwelling, 

but was also the result of enrichment from anthropogenic sources discharged through river runoff and 

land drainage. 

 

The seasonal monsoonal forces (upwelling), and continental drainage (river runoff), plays a critical 

role in triggering the environmental features of water column hydrography which regenerates 

nutrients and provides structure to phytoplankton biomass (chlorophyll a concentrations) in the shelf 

waters off Cochin6,15-16. The seasonal distribution of chlorophyll a (Tables 1, 2 and 3), showed higher 

concentrations at surface layers compared to bottom layers due to nutrient enrichment that occurred 

mainly through river runoff as opposed to upwelling6. Based on the relative magnitude of nutrient 

inputs and the corresponding increase in chlorophyll a concentrations, the trophic status of coastal 

marine ecosystems can be broadly classified into oligotrophic (< 1 mg/m3), mesotrophic (1 to 3 

mg/m3), eutrophic (3 to 5 mg/m3), and hypertrophic (> 5 mg/m3) waters2. Hence, during the monsoon 

season, the surface waters were highly enriched with nutrients (NO3 ≥ 4 µmol/L, PO4 ≥ 1.2 µmol/L, 

and SiO4 ≥ 6 µmol/L), and they were found to be hypertrophic (chlorophyll a ≥ 5.0 mg/m3) due to 

very high levels of river runoff. During the post-monsoon season, the surface waters were moderately 

enriched with nutrients (NO3 ≥ 2.0 µmol/L, PO4 ≥ 1.0 µmol/L, and SiO4 ≥ 4 µmol/L), and they were 

found to be eutrophic (chlorophyll a = 4.0 to 5.0 mg/m3) due to elevated river runoff. During the pre-

monsoon season, the surface waters were slightly enriched with nutrients (NO3 ≥ 1.0 µmol/L, PO4 ≥ 

0.8 µmol/L, and SiO4 ≥ 2 µmol/L), and they were found to be oligotrophic (chlorophyll a ≤ 1.0 

mg/m3) due to low river runoff. The elevated levels of chlorophyll a noted during the monsoon and 

post-monsoon seasons indicate the high risk of eutrophication events caused by the increased 

anthropogenic additions of nutrients from the land associated with freshwater discharges through the 
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rivers, which leads to the formation of Trichodesmium or Noctiluca blooms (red tides) in the shelf 

waters off Cochin17-18.  

 

CONCLUSION 

 
This study demonstrated enhanced nutrient loading in the Cochin shelf waters that was derived 

through freshwater influx and upwelling, which leads to eutrophication of surface waters and hypoxia 

in the bottom waters. Thus, with population growth and further land development for urbanization, 

industrialization, and the intensification of agricultural production, nitrogen and phosphorus loading 

from the Vembanad Lake riverine catchments might increase substantially in the future. The need to 

protect this coastal environment from eutrophication is an important concern. 

 

ACKNOWLEDGEMENTS 

 
The authors sincerely thank the University Grants Commission (UGC), New Delhi, India, for 

supporting this research. 

 

REFERENCES 
 

1. Krishna, M.S., Prasad, M.H.K., Rao, D.B., Viswanadham, R., Sarma V.V.S.S. and Reddy N.P.C. Export of 

dissolved inorganic nutrients to the northern Indian Ocean from the Indian monsoonal rivers during discharge 

period. Geochim. Cosmochim. Acta, 2016; 172: 430 – 443. 

2. Smith, V.H., Tilman G.D. and J.C. Nekola. Eutrophication: impacts of excess nutrient inputs on freshwater, 

marine, and terrestrial ecosystems. Environmental Pollution, 1999; 100: 179–196. 

3. Naqvi, S.W.A., Jayakumar, D.A., Narvekar, P.V., Naik, H., Sarma, V.V.S.S., D’Souza, W., Joseph S. and 

George M.D. Increased marine production of N2O due to intensifying anoxia on the Indian continental shelf. 

Nature, 2000; 408: 346–349. 

4. Balachandran KK. Does subterranean flow initiate mud banks off the southwest coast of India? Estuarine, 

Coastal and Shelf Science, 2004; 59: 589–598. 

5. Martin, G.D., Muraleedharan, K.R., Vijay, J.G., George, R.M., Madhu, N.V., Shivaprasad, A., Haridevi, C.K., 

Nair, M., Balachandran, K.K., Revichandran, C., Jayalakshmy K.V. and Chandramohanakumar N. Formation 

of anoxia and denitrification in the bottom waters of a tropical estuary, southwest coast of India. 

Biogeosciences Discussions, 2010; 7: 1751–1782. 

6. George, R.M., Muraleedharan, K.R., Martin, G.D.,  Sabu, P., Gerson, V.J.,  Dineshkumar, P.K., Nair, S.M., 

Chandramohanakumar N. and Nair K.K.C. Nutrient biogeochemistry of the Eastern Arabian Sea during the 

southwest monsoon retreat. Environmental Earth Sciences, 2013; 68: 709–718. 

7. Muraleedharan, K.R., Jasmine, P., Achuthankutty, C.T., Revichandran, C., Dineshkumar, P.K., Anand P. and 

George R.M. Influence of basin-scale and mesoscale physical processes on biological productivity in the Bay of 

Bengal during the summer monsoon. Progress in Oceanography, 2007; 72: 364–383. 

8. UNESCO 1994. Protocols for the Joint Global Ocean Flux Study (JGOFS) Core Measurements, Scientific 

Committee on Oceanic Research. Manual and Guides 29, 190. 

9. Grasshoff, K., Ehrhardt, M. and Kremling K. (Eds.). Methods of Sea Water Analysis, 3rd ed., pp. 75–89, 1999; 

159–196, VCH, Wainheins, Germany. 

10. Strickland, J.D.H. and Parsons, T.R. In a practical handbook of seawater analysis, 2nd ed. Bulletin Fisheries 

Research Board of Canada, 1972; 167, p. 310. 

11. Vimalkumar, K.G., Dineshkumar, P.K., Smitha, B.R., Habeebrehman, H., Jacob, J., Muraleedharan, K.R., 

Sanjeevan V.N. and Achuthankutty C.T. Hydrographic characterization of southeast Arabian Sea during the 

wane of southwest monsoon and spring intermonsoon. Environmental Monitoring and Assessment, 2008; 140: 

231–247. 

12. Darbyshire M. The surface waters off the coast of Kerala, Southwest India. Deep Sea Research, 1967; 14: 

295–320. 

13. David S.E. and Jennerjahn. Extreme dissolved organic nitrogen fluxes in the human impacted Pamba River, 

Kerala, India. Biogeosciences Discussions, 2013; 10:  16137–16171. 

14. Menon, N.N., Balchand A.N. and Menon N.R. Hydrobiology of the Cochin backwater system – a review. 

Hydrobiologia, 2000; 430: 149–183. 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/106



 

15. De Sousa S.N., Sawkar K. and Rao P.V.S.S.D.P. Environmental changes associated with monsoon induced 

upwelling off central west coast of India. Indian Journal of Marine Sciences, 1996; 25: 115–119. 

16. Udayakumar, P., Chandran, A., Jose, J.J., Shibu R. and Anoop K.K. Nutrient - Characteristics, 

Stoichiometry and Response Stimulus of Phytoplankton Biomass along the Southwest Coastal Waters of India. 

Journal of Marine Biology and Oceanography, 2014; 3, 3. 

17. Sahayak, S., Jyothibabu, R., Jayalakshmi, K.J., Habeebrehman, H., Sabu, P., Prabhakaran, M.P., Jasmine, 

P., Shaiju, P., George, R.M., Thresiamma J. and Nair K.K.C. Red tide of Noctiluca miliaris off south of 

Thiruvananthapuram subsequent to the ‘stench event’ at the southern Kerala coast. Current Science, 2005; 89: 

1472–1473. 

18. Joseph, T., Shaiju, P.,  Laluraj, C.M.,  Balachandran, K.K.,  Nair, M.,  George,  R.M., Nair, K.K.C.,  

Sahayak S. and Prabhakaran M.P. Nutrient environment of red tide- infested waters off south-west coast of 

India. Environmental Monitoring and Assessment 2008; 143: 355-361. 

 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/107


