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ABSTRACT 

 

Estuaries are sited among the most productive biomes of the world. cochin backwater is the largest and most productive tropical 

positive estuarine system situated at the south west coast of India. The present investigation analysed spatiotemporal variations of 

primary production, physicochemical characteristics and nutrients in the estuary. The ANOSIM result identified significant 

variation in primary production, physicochemical parameters and nutrients across the station groups (R=0.36) and month groups 

(R=0.20). Two-Way ANOVA results of net primary production, Physicochemical parameters (temperature, light 

transparency,dissolved oxygen, pH and  salinity) and nutrients (nitrate, nitrite, phosphate and silicate) showed  significant  

spatiotemporal variations  in the estuary. Implication of nutrient status confirmed that the nutrient limitation did not occur in 

cochin backwaters and it was mainly influenced by the river discharge, influx of marine water and intense human activities. The 

SIMMPER analysis identified surface temperature, dissolved oxygen, pH and salinity as the most important physicochemical 

parameters contributing more than 70 percentages on each month in the ecosystem except in June and August where salinity was 

not contributing. The results unravelled significant monthly correlation existed among the water quality parameters in the 

estuary. The correlation of water quality parameters that are important for the water quality variation for one month may not be 

important for another month. Further detailed research studies are required for explaining the reasons for such relationships. The 

present study confirmed the great dynamism, high monthly fluctuation of primary production, physicochemical parameters and 

nutrients in the cochin backwaters.  
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1. Introduction 

Estuaries rank among the most beneficial and significant ecological system on earth. An estuary is a semi- enclosed coastal body 

of water that extends to the effective limit of tidal influence, within which sea water entering from one or more free connections 

with in the open sea or other saline coastal body of water is significantly diluted with fresh water derived from land drainage and 

can sustain euryhaline biological species from either part or the whole of their life cycle (Perillo 1995). To understand the ecology 

of an estuary, an interdisciplinary approach linking the physical phenomena with chemical and biological properties are essential 

(Shivaprasad et al. 2013). The coastal waters exhibited complex dynamism in physicochemical characteristics due to river flow, 

upwelling, atmospheric deposition, vertical mixing and anthropogenic sources (Nirmal Kumar et al. 2012). Water quality always 

defined in terms of chemical, physical and biological contents. Temperature, rainfall, pH, salinity, dissolved oxygen and carbon 

dioxide are the important physical and chemical parameters influencing the aquatic environment (Lawson 2011). In tropical 

estuaries tidal variations and nutrient dynamics is more pronounced  than in temperate estuaries (Nirmal et al. 2009). The most 

important parameter of estuarine  environment is nutrients and they tremendously influence growth, reproduction and metabolic 

activities of estuarine organisms (Anitha & Sugirtha 2013). Streams, lakes and estuaries get vast sum of nutrients from the land 

and results in algal blooms which leads to hypoxia in the ecosystem (Conley et al. 2002). One way to assess the impact of human 

activities on environment is to compare the seasonal changes in physical and chemical water properties in anthropogenically 

disturbed and undisturbed estuaries (Arbor 2002). Primary producers assemblage, carbon and nitrogen storage capacity at great 
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extent were altered by eutrophication in coastal estuaries at local and regional scales (Schmidt et al. 2012). The hydrological, 

geomorphological and biochemical changes in the estuary had important consequences for the biodiversity in the estuarine 

ecosystem (Patrick et al. 2005). 

The backwaters are responsible for rich fisheries potential of Kerala and support as much biological productivity and diversity as 

tropical rainforests. Cochin backwater is the largest and most productive tropical positive estuarine system situated at the tip of the 

northern vembanad lake extending between 9
0 

40’and 10
0
 12’N and 76

0 
10’and 76

0
 30’E. The estuary has gone through serious 

environmental changes by land reclamation, dredging activities and urbanisation (Menon et al. 2000). Further it is the largest 

ramsar site on the south west coast of India (Asha et al. 2016). Cochin estuary tides are mixed semidiurnal type with an average 

tide range of 1m (Qasim & Gopinathan 1969). In cochin backwaters the seasonal fluctuation in salinity controls the distribution 

and abundance of micro and mesozooplankton. Further the phytoplankton community was in general dominated by diatoms at 

high saline conditions (Madhu et al. 2007). The large amount of effluents from both economic and domestic sectors caused 

eutrophication of the cochin backwaters (Martin et al. 2012). The ecological unbalancing due to industrialisation, rapid 

urbanization and agricultural wastes are alarming in cochin estuary (Joseph & Ouseph 2010). The heavy metal accumulation in 

cochin estuary places  the ecosystem as an  impacted estuaries in the world (Balachndran et al. 2005).  

ANOSIM (Analysis of similarity) and SIMPER (Similarity percentage analysis) are statistical tools applied recently in 

environmental and biological  research (Rees et al. 2004; Perus et al. 2004). The present study explored above tools for the water 

data analysis. The primary aim of the present study is to check monthly spatiotemporal variations of primary production and 

physicochemical characteristics in the cochin backwaters and to identify the most important physicochemical parameters that are 

influencing the monthly variations of water quality. This study also analyses monthly correlation between primary production and 

physicochemical parameters and correlation among physicochemical parameters in the tropical estuary. 

2 Materials and methods 

2.1 Study area 

Cochin estuary is situated at the southwest coast of India and is an important part of estuarine system of Kerala. It is approximately 

320Km
2 
in area consist of vembanad lake and surrounding islands with six rivers flowing to the estuary. The estuary is exploited for 

fishing, transport of goods and as dumping ground for industrial and domestic waste. The tidal intrusion from the arabian sea and 

the annual freshwater discharge (20000 × 10
 6
 m

3)
 from six rivers maintain the dynamism of tropical estuary (Srinivas et al. 2003). 

Cochin estuarine system is highly impacted by the convergence of freshwater and is controlled by the monsoon season. The cochin 

estuary can be divided to three periods, pre- monsoon (February-May), Monsoon (June-September) and Post monsoon (October-

January) and the rainy season extends from June to September (South West Monsoon) and October to December (North East 

Monsoon). The climate of cochin estuary is typical of tropical features with monsoon yielding 60-65% total rainfall (Menon et al. 

2000). The samples were collected from cochin estuary running parallel (9
o 
48´& 10

0 
9´ N and 76

0 
10´ &76

0 
19´ E) to the south-west 

coast of India (Fig: 1). The depth of the cochin estuary varies from 2-7 m, but the ship channel regions are dredged and maintained 

at 10-13m (Qasim 2003). The estuary got two permanent connections to the arabian sea, one at cochin bar mouth (450m) and the 

other at azhikode (Sankaranarayanan & Qasim 1969). 

 

Figure 1: Locations of the sampling sites in the cochin backwaters 
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2.2 Sampling 

Monthly data of Net Primary Production (NPP) and physicochemical parameters were collected from twelve stations covering the 

cochin backwater (CBW) ecosystem during May 2015 to April 2016. The NPP of the CBW ecosystem was estimated according to 

the dark and light bottle method (Strickland & Parsons 1972). The surface water temperature was recorded using a 0-50
o
C 

precision thermometer and pH by eco tester PH1. The light transparency of the water column was measured by using the secchi 

disc (Strickland & Parsons 1972) and the salinity by a handheld refractometer (RHS-10 ATC ERMA). The dissolved oxygen 

(DO) was analysed by voltammetric method using digital portable dissolved oxygen meter (VSI Model: VSI-15). The range of the 

instrument was in between 0 to 20 mg/l and the accuracy was ±0.3 mg/l ± 1 digit. The surface water samples were collected  in 

500 ml Tarsons narrow mouth bottles (Code: 583140) for the nutrients analysis (nitrate, nitrite, phosphate  and silicate) and 

analysed within 6 hours of collection based on a standard protocol using UV-1800 Shimadzu spectrophotometer (APHA 2005). 

2.3. Data Analysis 
The analysis of similarities (ANOSIM) was conducted to test statistically significant variation in primary production and 

physicochemical parameters during the study period on selected stations. The test was conducted by plymouth routines in 

multivariate ecological research (PRIMER v6) statistical software (Clarke & Gorley 2005) and the variables were pre-treated into 

square roots. The resemblance was calculated with Bray-Curtis Similarity formula. Further the data was tested with Two-Way 

Analysis of variance (ANOVA) for statistical significance of temporal and spatial influence on primary production and 

physicochemical parameters. The statistical test was conducted by using IBM SPSS statistics 22 with alpha 0.05 and equal variance 

assumed was a tukey. SIMPER analysis was performed on PRIMER 6 software using resemblance S17 Bray Curtis similarity 

formula. The test was performed in order to distinguish the percentage of contribution of physicochemical parameters in each 

months and the cut off for low contribution was fixed as 90%. The Pearson correlation was carried out by IBM SPSS Statistics 22 

with the data to check correlation between the primary production and water quality parameters, correlation among water quality 

parameters during the study period.  

 

3. Results and discussion 

3.1 ANOSIM 
The spatiotemporal variations of primary production and physicochemical characteristics play crucial role in the functioning of 

estuarine ecosystem. The ANOSIM result identified a strong difference in the primary production and physicochemical parameters 

across the stations and months. The test for difference between month groups R value obtained was 0.36 and station groups R value 

was 0.20, at significance level of sample statistic 0.1% and number of permutations 999. The result uncovers more statistically 

prominent variation in month groups than station groups in the primary production and physicochemical characteristics in CBW. 

The result of the present investigation demonstrates complex spatial and temporal variations of primary production and 

physicochemical parameters in the ecosystem. 

3.2. Primary Production 
Estuaries and coastal marine ecosystem are  considered as the most productive biomes of the world (Robert et al. 1993). 

Phytoplankton  primary production in estuaries play vital and an essential role in element cycling, water quality and food supply to 

heterotrophs (Stefan et al. 2005). The primary production of an estuarine ecosystem is directly influenced by the nutrient loading 

and light penetration in the water column (Kaberi et al. 2012). The primary production of CBW varied from time to time and station 

to station due to the influence of freshwater from the rivers and sea water from the inshore areas (Nair et al. 1975). The primary 

production of CBW exhibited important temporal and spatial variation. NPP mean values of CBW were divided based on stations 

into three homogeneous subsets, and the minimum value obtained was at station XI (0.06 gmC/m
3/

day)
 
and the maximum value was 

at station IV (0.24 gmC/m
3/

day). The NPP mean values were divided based on months into three homogeneous subsets and the least 

mean values were obtained in October (0.05gmC/m
3/

day) and September (0.06 gmC/m
3/

day), peak values in April (0.21 

gmC/m
3/

day) and March (0.23 gmC/m
3/

day) (Fig: 2a). Quasim et al.(1969) investigated the annual cycle of primary production in 

the CBW and reported peaks- in April and July, and which were in concordance with the present result. Nair et al. (1975) and 

Gopinathan et al. (1984) revealed high NPP in CBW during monsoon and early post monsoon months when salinity was low or 

moderate, the same trend was also observed in the present study. The peak values of NPP during the pre-monsoon might be due to 

high solar radiations and monsoon might be due to high nutrients brought out by monsoon run off.   
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Figure 2: Displayed primary production and physicochemical parameters means for station and month groups in homogenous 

subsets (Tukey HSD
a.b

) based on observed means (Alpha 0.05) 

3.3. Physicochemical Parameters 

The physicochemical parameters of water maintain nutritional balance in an aquatic ecosystem (James et al. 2013). Temperature is 

an important water quality parameter which affects the chemical and biological reactions in aquatic ecosystem and exhibited high 

seasonal fluctuation (George & Atakpa 2015). The atmospheric temperature of cochin backwaters is increasing over the years due 

to climatic change (Asha et al. 2016). The maximum average atmospheric temperature of cochin backwaters ranges from 28
 
to 34

0
C 

and minimum from 20 to 25
0
C (Sankaranarayanan & Qasim 1969). In the present investigation, the surface air temperature mean 

values were divided into four homogeneous subsets based on stations and the lowest mean value was recorded at station X 

(32.08
0
C) and highest was at station VI (34.08 

0
C). The surface temperature of CBW highly influenced by the months and the mean 

values were divided into seven homogeneous subsets (Fig: 2b). The lowest mean values were recorded in December (31.42
 0
C) and 

January (31.67
 0

C), highest in April (34.17
 0

C) and May (35.58
 0

C) (Soman et al. 1988). The high surface air temperature in April 
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and May could be attributed to the intensity of high solar radiation and evaporation. The recorded low surface air temperature 

values in December and January could be due to the strong land sea breeze and precipitation (Govindasamy et al. 2000; Achary et 

al. 2014; Asha et al. 2016).  

Light limitation is one of the major factor regulating the growth of phytoplankton in the aquatic ecosystem (Cloern 1999). Living 

and non living suspended particulate matter concentration normally influences the light penetration depth of an estuary. 

Furthermore light is rapidly attenuated in estuarine waters because of the high concentration of suspended particles (Bijoy et al. 

2014). The light transparency of the CBW showed significant temporal and spatial variations. Light transparency mean values were 

separated based on stations into six homogeneous subsets, and the minimum value was recorded at station XII (0.42 m) and 

maximum was at station III (1.03 m). The light transparency mean values were separated based on months into four homogeneous 

subsets. The lowest mean values were recorded in monsoon months, July and June (0.046 m) and highest mean values were 

recorded in November (0.78m) and September (0.70 m) (Fig: 2c). The highest values in September and November were similar to 

the  earlier studies from cochin estuary (Renjith et al. 2004) and might be due to high solar radiations. The lowest values in 

monsoon months were due to the heavy discharge of fresh water sediments from the rivers and low solar radiations (Anila et al. 

2007). Sankaranarayanan and Qasim( 1969)  reported the secchi disc visibility range from 0.5 to 1.5m at cochin estuary and this 

trend was repeated in the present study. Dissolved Oxygen (DO) is a vital ecological parameter for the survival of aquatic life and 

DO strongly influence the solubility of inorganic nutrients. Furthermore, it helps to change the redox potential of the medium 

(Ajibare 2014). DO level in natural water body is determined by the physical, chemical and biochemical activities occurring at 

surface and sub surface levels (Mohammad et al. 2013). The DO mean values of CBW were divided based on stations into five 

homogeneous subsets, and the minimum mean value obtained was at station VIII (6.09 mg/l) and maximum was at station XII 

(10.88 mg/l). The DO mean values were divided based on the months into three homogenous subsets. The lowest mean values were 

observed in August (6.64 mg/l) and January (6.70 mg/l), highest in March (8.48 mg/l) and May (10.13 mg/l) (Fig: 2d). The DO 

values observed in CBW found to be consistent with the results in Tapi estuarine area of Gulf of Khambhat (Basil et al. 2012). In 

the present study, the pre-monsoon and monsoon months observed highest DO values compared to post monsoon months. The 

highest DO values in the ecosystem during the study period might be due to higher photosynthetic activity, inputs from the 

atmosphere, higher solubility of oxygen in the lower salinity surface water, the river influx and tidal mixing (Anila et al. 2007; 

Jayachandran et al. 2012). 

The chemical parameters exhibited clear distinction in mean values during the study period and exhibited marked variations with 

respect to spatiotemporal variables. The pH of an aquatic ecosystem is a vital pointer of the water quality and degree of 

contamination in the ecosystem (APHA 1995). During the whole study period, the pH value in CBW was in alkaline range. The pH 

mean values were divided into six homogeneous subsets based on stations and the minimum mean value obtained was at station 

VIII (7.12) and maximum was at XII station (8.98). The pH mean values were divided based on months into three homogenous 

subsets and the lowest values were obtained in October (7.49) and December (7.53), highest in May and July (8.69) (Fig: 2e). The 

obtained results  of pH values compares favourably with the Basil et al. (2012). The surface water hydrogen ion concentration 

showed considerable fluctuation in spatial scale (formed six homogeneous subsets) than months (three). The increased pH values in 

the ecosystem during pre-monsoon and monsoon months could be attributed to the high rate of primary production, undersaturation 

of CO2 which increased the pH of the ecosystem and buffering capacity of the sea water (Geetha et al. 2006). In estuarine 

ecosystem, salinity is the major limiting  factor controlling the distribution of living organisms (Damotharan et al. 2010). The 

salinity of brackish water habitats (estuaries, backwaters and mangroves) changes due to the influx of freshwater from land run off 

caused by monsoon or by tidal variations (Vengadesh et al. 2009). A clear distinction can be observed in the surface water salinity 

of the CBW. The salinity mean values CBW were divided based on stations into four homogeneous subsets and the minimum mean 

value recorded was at station VII (8.05 ppt) and maximum was at station I (24.47 ppt). In the present investigation water with 

higher salinity was found at stations near to the sea mouth and lower salinity was found at stations which are away from the sea 

(Martin et al. 2012). The salinity mean values of CBW were divided based on months into seven homogeneous subsets and the 

lowest mean values were recorded in August (2.86 ppt) and June (2.94 ppt), highest in April (27.83 ppt) and March (27.39 ppt) (Fig: 

2f). The surface water salinity was maximum in pre-monsoon months whereas it was almost zero in monsoon and moderately high 

in post-monsoon months. The highest salinity in the pre-monsoon  months were due to the  influence of  sea water, and  high fresh 

water river discharge in monsoon months were responsible for the lower surface water salinity (Qasim 2003). 

 

3.4. Nutrients 
The macronutrients such as nitrogen (N), phosphorous (P) and silicate (Si) are the most important elements for phytoplankton 

growth and reproduction (Bijoy et al. 2014). The worldwide nitrogen cycle has been broadly changed by human activities than by 

natural processes (Vitousek 1994). Nitrates are the most oxidised forms of nitrogen and finished result of aerobic decomposition of 

organic nitrogenous matter (Ramalingam et al. 2011). Nutrient status of CBW exhibited high fluctuations in temporal and spatial 

scales. The nitrate (NO3-N) mean values were divided based on stations into two homogeneous subsets  and the minimum mean 

value obtained was at station XII (0.58 µmol L
-1

) and maximum was at VIII (2.60 µmol L
-1

). The nitrate mean values of CBW were 

divided based on months into four homogeneous subsets. The lowest mean value was obtained in August (0.00) and April (0.02 

µmol L
-1

), highest in October (4.40 µmol L
-1

) and January (4.92 µmol L
-1

) (Fig: 3g). The lowest values of nitrate in the CBW could 

be attributed to the extensive utilisation by phytoplankton for growth and development, the highest values in the ecosystem might 

be due to the fresh water discharge, oxidation of ammonia and land runoff (Govindasamy et al. 2000; Vengadesh et al. 2009; 

Sankaranarayanan & Qasim 1969). The Nitrite (NO2-N) mean values of CBW were divided based on stations into three 

homogeneous subsets. The minimum mean value obtained was at station V (0.05 µmol L
-1

) and maximum was at station XII (2.13 

µmol L
-1

). The nitrite mean values were divided based on months into three homogenous subsets. The lowest mean value was 

obtained in September (0.01 µmol L
-1

) and January (0.06 µmol L
-1

), highest in April (1.12 µmol L
-1

) and May (1.88 µmol L
-1

) (Fig: 

3h). The lowest values of the nitrite in the ecosystem might be due to the less freshwater inflow and high salinity 

(Sankaranarayanan & Qasim 1969). High nitrite in the ecosystem might be due the high decomposition of organic nitrogen. 
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Jayachandran et al. 2012, reported highest values of NO2-N during pre-monsoon months in CBW and the present investigation was 

in agreement with his report. 

 

Figure 3: Displayed nutrient means for station and month groups in homogenous subsets (Tukey HSD
a.b 

) based on observed means 

(Alpha 0.05). 

Phosphorous is a natural element found in rocks, soil and organic matter. In unpolluted water the concentration of phosphorous is 

relatively lower than polluted systems (Devdatta & Shashikant 2014). In tropical coastal marine ecosystem the important inorganic 

nutrient phosphate can limit the phytoplankton production (Cole & Sanford 1989). The inorganic phosphate(PO4-P) mean values in 

CBW were divided based on stations into four homogeneous subsets, and the minimum mean value obtained was at station IX( 0.32 

µmol L
-1

) and maximum was at station IV (2.79 µmol L
-1

). The CBW Phosphate mean values were divided based on months into 

six homogeneous subsets. The lowest mean values were obtained in December (0.41 µmol L
-1

) and January (0.51 µmol L
-1

), highest 

in March (1.56 µmol L
-1

) and August (1.81 µmol L
-1

) (Fig: 3i). In the present investigation, high phosphate values were obtained 

during the monsoon and post monsoon months and lowest in the pre monsoon months in CBW (Meera & Bijoy 2010). The high 

values of phosphate in the CBW could be due to the influence of southwest monsoon discharge, super phosphates applied in the 

agriculture field as fertilizers and alkyl phosphate in households wastes (Ashok et al. 2008). The lowest values of phosphate in the 

ecosystem might be due the high utilisation of phosphate by phytoplankton, buffering activity of sediments under varying 

environmental conditions and processes like adsorption and desorption of phosphate (Thirunavukkarasu et al. 2014). Silicate-silicon 

is a major product of weathering and second most abundant element of the lithosphere. Further, it is the key nutrient influencing 

growth of diatoms (Jennerjahnn & IttekkotV 1999). Silicate mean values were divided with respect to stations into five 

homogeneous subsets  and the minimumm mean value was obtained at station I (0.56 µmol L
-1

) and maximum at station IV (6.12 

µmol L
-1

). The silicate mean values of CBW were divided based on months into five homogeneous subsets. The lowest mean values 

were obtained in February (0.31 µmol L
-1

) and April (0.33 µmol L
-1

), highest in March (4.87 µmol L
-1

) and October (7.31 µmol L
-1

) 

(Fig: 3j). The silicate highest mean values in the monsoon and post monsoon months could be attributed to the heavy discharge 

from rivers and well mixing of water column. The lowest values of silicate in CBW could be due to the increased population density 

of phytoplankton (Sridhar et al. 2006). Implication of nutrient status confirmed that the nutrient limitation did not occur in the CBW 

ecosystem and showed marked variations based on months and stations. It can be concluded that the nitrate, nitrite, phosphate and 
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silicate in cochin estuary is mainly influenced by the river discharge, influx of marine water and intense human activities (Joseph & 

Ouseph 2010).  

 

3.5 Identification of important monthly water quality parameters 
SIMPER analysis was carried out to identify the most influencing physicochemical parameters in determining the months as 

temporal factor. The analysis of the data confirmed that the major physicochemical parameters contributing the monthly variations 

of CBW was the surface temperature, DO, pH and the salinity. The surface temperature, DO, pH and salinity were contributing 

more than 74 percentages on each month in the CBW except in June and August, where salinity was not contributing. The above 

parameters are the most influential parameters controlling the distribution and abundance of flora and fauna of estuarine ecosystem 

(Geetha & Bijoy Nandan 2014; Menon et al. 2000). The light transparency highly contributed to the CBW during the October 

(4.54%), November (5.54%), January (3.98%), February (3.70%) and April (3.49%). The transperancy was contributing the pre and 

post monsoon months of the ecosystem because the estuary was settled down after the monsoon and light was less attenuated. The 

nutrients contributing the monthly variations within the ninety percentage cut off were inorganic nitrate, phosphate and silicate. 

During October (11.54%) and January (9.91%) nitrate was contributing high on the estuary and phosphate was contributing to May 

(4.01%), June (4.36%), July (6.54%), August (6.52%), September (6.21%) and March (4.65%). Silicate contribution towards May 

(3.95%), June (6.15%), December (4.87%) and March (6.70%) months of CBW were found high. The result highlights that the 

above important macro nutrients were influencing the monthly variations in the CBW. It can be concluded that the physicochemical 

parameters and nutrients were contributing at high percentage to the significant monthly variation in the ecosystem. 

 

3.6 Correlation of water quality parameters 
The present investigation recorded strong correlation among physiochemical parameters and NPP in the ecosystem. NPP of the 

CBW had significant positive correlation with transparency in January (r
2
=0.68). The positive correlation of NPP with light 

transperancy suggest the direct influence of light penetration in the primary production of the ecosystem (Robin et al. 2012). 

Positive correlation was found between the NPP and DO in July (r
2
=0.58), October (r

2
=0.59) and March (r

2
=0.58). The positive 

correlation of NPP and DO confirmed the effect of photosynthetic activity and thereby evolved oxygen in the estuary. In May 

(r
2
=0.61) and March (r

2
=0.64) a positive correlation was observed between NPP and pH. In March, a positive correlation (r

2
=0.70) 

was observed between NPP and nitrite. Valid positive correlation was observed between NPP and phosphate in November 

(r
2
=0.85) and April (r

2
=0.72). NPP had a positive correlation with silicate in October (r

2
=0.71). The positive correlation of NPP 

with nutrients indicates that nutrient inputs in the estuary positively influenced the primary production of the CBW. 

Temperature had a negative correlation (r
2
=-0.61) with transparency in July and a positive correlation (r

2
=0.63) with DO in 

January. The positive correlation between DO and temperature could be interpreted as an effect of high solar radiations in the 

ecosystem which increased the light transperancy and primary production of the ecosystem resulting high DO. Temperature had a 

positive correlation with nitrite in August (r
2
=0.65) and November (r

2
=0.75). Strong negative correlation between temperature and 

silicate was found in February (r
2
= -0.63). Transparency had a positive correlation with salinity in July (r

2
=0.60). The positive 

correlation of transparency with salinity in July might be due to the sea water influx in the estuary. Transparency had positive 

correlation with nitrate in September (r
2
=0.74), November (r

2
=0.70). Transparency had positive correlation with nitrite in 

September (r
2
=0.60), and had a positive correlation with phosphate in September (r

2
=0.88), October (r

2
=0.81) and January 

(r
2
=0.59). Transparency had positive correlation (r

2
=0.72) with silicate in November. The positive correlation of transperancy with 

nutrients occurred mainly in monsoon and post monsoon months. This could have occurred due to the high solar radiations and 

heavy nutrients discharge from rivers in to the estuary. DO had a positive correlation with pH in May (r
2
=0.63), June (r

2
=0.59) 

July (r
2
=0.74) and March (r

2
=0.66). The Strong positive correlation between DO and pH might be due to the high photosynthetic 

activity in the ecosystem (Frieder et al. 2012). A strong positive correlation (r
2
=0.65) was found between DO and salinity in 

February. A strong positive correlation was found between DO and nitrite in March (r
2
=0.60) and a negative correlation in 

January (r
2
=-0.61). DO had positive correlation (r

2
=058) with silicate in July and a negative correlation with silicate in October 

(r
2
=-0.63) and April (r

2
=-0.76). The strong positive correlation of DO with nutrients might be due to the high photosynthetic 

activity during pre monsoon and monsoon months due to rich nutrients in the estuary.  

pH had positive correlation with salinity in December (r
2
=0.62), January (r

2
=0.69), February (r

2
=0.66) and march (r

2
=0.68)  

indicating the influx of marine water in to the estuary during the pre and post monsoon months (Joseph & Ouseph 2010). pH had 

positive correlation with nitrate in November (r
2
=0.65), December (r

2
=0.58), January  (r

2
=0.69) and April (r

2
=0.65). pH had 

positive correlation with nitrite in December (r
2
=0.65), February (r

2
=0.80) and March (r

2
=0.63), and  had a negative correlation 

with silicate in  May (r
2
=-0.59). Salinity had a positive correlation with nitrite in June (r

2
=0.72)) and a negative correlation with 

nitrate in January (r
2
=-0.63). Nirmal kumar et al. (2009) reported negative correlation of nitrate with salinity in Tapi estuary. 

Salinity had positive correlation with phosphate in  June (r
2
=0.66) and August (r

2
=0.66), indicating the source of phosphorous in 

these months were from the sea (Robin et al. 2012). Negative correlation  of salinity with phosphate (r
2
=-0.60) and silicate (r

2
=-

0.60) in November (r
2
=-0.60) indicates that sea water was not the source for nutrients in November (Joseph & Ouseph 2010). 

Nitrate had positive correlation with nitrite in May (r
2
= 0.69), June (r

2
=0.75) and April (r

2
=0.59). Nitrate had a positive correlation 

with phosphate in May (r
2
=0.58), June (r

2
=0.82) and September (r

2
=0.59) (Nirmal et al., 2009), and had positive correlation with  

silicate in May (r
2
=0.59) and March (r

2
=0.66). Nitrite had positive correlation with phosphate in June (r

2
=0.67) and positive 

correlation with silicate in May (r
2
=0.74). Phosphate had positive correlation with silicate in February (r

2
=0.96). Significant 

positive correlation of nutrients in pre monsoon and monsoon months indicates that river flow might be the common source for 

the nutrients in the estuary. The result of present study revealed that the correlation of water quality parameters that are important 

for the water quality variation for one month may not be important for another month. The present study unveiled statistically 

significant monthly correlation existed in the CBW, but more scientific research studies are required for explaining the reasons for 

such relationships. 

The present investigation confirmed the great dynamism, high monthly variation of primary production and physicochemical 

parameters in the cochin backwaters. The large input of nutrients and high fluctuations of primary production in the ecosystem 
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during the study period indicate anthropogenic impacts on the ecosystem. The backwater ecosystem faces serious environmental 

threats by human activities. The present information of primary production and physicochemical characteristics of the ecosystem 

would serve as useful tool for the monitoring and management of the cochin estuary. 
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