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Sustentation of the wetland ecosystem by an analysis of 

its Primary production status 

 
Divya S Rajan 

 
Abstract 
Wetlands under extreme threats are more in Kerala than any other state. The present study focuses on the 

four selected stations of Thekkumbhagam creek for the analysis of its primary productivity. The 

assessment of primary production of this creek is necessary to make out whether the productivity 

recorded is enough to sustain its biodiversity. The stations recorded a productivity range from 0.15 mg 

C/l/day to 8.8mgC/l/day. Station 2 recorded the maximum rate of gross primary production. Maximum 

production was noticed in the post-monsoon period and minimum during the monsoon period. Gross 

primary production and net primary production below detectable levels were also noticed. The depletion 

of dissolved oxygen in the surface water and bottom water caused the total failure of production 

especially in polluted areas. Thus a “scientific knowledge” about the water quality of the 

“Thekkumbhagam creek” will help in the understanding of the economic, cultural, social, aesthetic, 

spiritual values and all other benefits thereby focusing the mitigation of pollution affecting the creek. 

 

Keywords: Gross productivity, net production, dark and light bottle, Winkler’s method, NEP 

 

1. Introduction 

Primary productivity of an ecological system, community or any part is defined as the rate at 

which radiant energy is stored by photosynthetic or chemosynthetic activity of producer 

organisms in the form of organic substances which can be used as food materials (Odum, 

1971) [24]. Primary production and respiration are the major metabolic pathways by which 

organic matter is produced and destroyed. Gross primary productivity is the total rate of 

photosynthesis including the organic matter used up in respiration during the measurement 

period while Net Primary Productivity (NPP) indicates the amount of organic matter that is 

stored in the plant tissues after meeting the demand of respiration (Chattopadhyay, 1998) [6]. 

The primary production of an estuarine environment depends upon several factors such as 

light, temperature, salinity, dissolved nutrients and phytoplankton abundance. One of the most 

obvious ecological factors influencing primary production is the amount of solar energy 

reaching the surface of the aquatic ecosystem (Nair and Thampy, 1980; Govindasamy et al., 

2000) [23, 11]. The efficiency of an aquatic system generally depends upon the production rates 

and the primary producers. Primary productivity values have been used in estimating the 

productivity of an aquatic environment. 

The abundance of phytoplankton will reflect the primary production of the particular 

ecosystem. The primary productivity of the estuaries of Kerala is comparatively high. High 

fertility due to nutrient enrichment and large standing crop derived from marine, estuarine and 

fresh water masses suspended in a widely fluctuating ambient medium. Biological productivity 

in aquatic ecosystem is highly influenced by the cycling of essential nutrients, especially 

nitrogen and phosphorous (Vitousek, et al., 1997; Carpenter et al., 1998) [29, 5]. Productivity in 

estuarine and coastal systems is typically limited by nitrogen availability whereas productivity 

in freshwater systems is typically phosphorous limited (Jordan et al., 2008) [17]. 

Some of the important works on the primary production of inshore, offshore and estuarine 

environment by various researches in temperate and tropical are those of Gaader and Gran 

(1927) [10]; Michael et al.,(1991) [20]; Reddi et al.,(1993) [26]; Krishna Kumari et al., (2002) [18]; 

Desmit et al., (2005) [8]. Hence, considering the extreme importance of measurement of 

primary productivity as a vital tool for assessing water quality and productivity of an 

ecosystem, the present study deals with estimation of the productivity or fertility of a water 
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body. Thus its monitoring will thereby help to take remedial 

measures for the conservation and sustainable development of 

the Thekkumbhagam creek of Ashtamudi estuary 

 

2. Materials and methods 

Primary productivity of the creek was studied for a period of 

two years from June 2008 to May 2010.Light and dark bottle 

method of Gaader and Gran (1927) [10] was adopted for 

estimating the primary productivity of the creek. Primary 

productivity of a water body is usually determined from the 

differences in dissolved oxygen values of water samples 

incubated in bottles under light and dark condition thus 

allowing photosynthetic activity to take place in one bottle 

and the same to be restricted under the other. Oxygen in the 

initial bottle was estimated immediately and the light and dark 

bottles were incubated for three hours and after that, oxygen 

was determined by Winkler’s method (Adoni, 1985) [1]. The 

decrease in dissolved oxygen content in the dark bottle as 

compared to initial value represents the amount of dissolved 

oxygen consumed by respiration by all the biomass in the 

bottle. The increase in dissolved oxygen in light bottle 

indicates the amount of dissolved oxygen in water which 

exceeded oxygen consumption by respiration. Both GPP and 

NPP can be calculated from the differences in their dissolved 

oxygen values. 

 

3. Results 

Gross primary productivity 

The gross primary productivity of station 1, ranged from 0.65 

mgC/l/ day to 6 mgC/l/ day in 2008-2009 and 0.2 mgC/l/ day 

to 7 mgC/l/ day in 2009-2010. The mean ± SE of gross 

primary productivity in monsoon, post-monsoon, pre-

monsoon were 1.21 ± 0.42, 2.55 ± 1.2 and 1.41 ± 0.33 in 

2008-2009 and 1.36 ± 0.6, 4.1 ± 1.07, 2.01 ± 0.49 (2009-

2010) respectively. The annual mean ± SE of gross primary 

productivity was 1.73 ± 0.44 (2008-2009) and 2.4 ± 0.53 

(2009-2010). (Table 1.1&1.2, fig 1.1a &1.1b). 

In station 2, the gross primary productivity ranged from 0.2 

mgC/l/ day to 8.8 mgC/l/ day in the first year and 0.4 mgC/l/ 

day to 8.8 mgC/l/ day in the second year. The mean ± SE of 

gross primary productivity in monsoon, post- monsoon were 

2.2 ± 1.53, 2.88 ± 1.09 and 2.65 ± 2.06 in 2008-2009 and 2.41 

± 1.47, 2.9 ± 1.2, 2.65 ± 2.06 (2009-2010) respectively. The 

annual mean ± SE of gross primary productivity was 2.65 ± 

2.06 (2008-2009) and 2.65 ± 0.85 (2009-2010).(Table 

1.1&1.2, fig 1.1a &1.1b). 

In station3, the gross primary productivity ranged from 0.28 

mgC/l/ day to 3.2 mgC/l/ day in 2008-2009 and 0.3 mgC/l/ 

day to 6.2 mgC/l/ day in the second year. The mean ± SE of 

gross primary productivity in monsoon, post monsoon and pre 

monsoon were 0.7 ± 0.26, 0.47 ± 0.38 and 1.2 ± 0.67 in 2008-

2009 and 1.45 ± 0.77, 1.99 ± 1.41, 1.89 ± 0.91 in (2009-2010) 

respectively. The annual mean ± SE of gross primary 

productivity was 0.79 ± 0.26 (2008-2009) and 1.78 ± 0.56 

(2009-2010).(Table 1.1&1.2, fig 1.1a &1.1b). 

In station 4, the gross primary productivity ranged from 0.4 

mgC/l/ day to 6.4 mgC/l/ day in 2008-2009 and 0.2 mgC/l/ 

day to 5.2 mgC/l/ day in 2009-2010. The mean ± SE of gross 

primary productivity in monsoon, post-monsoon were 1.5 ± 

0.66, 3.11 ± 1.22 and 0.4 ± 0.28 in 2008-2009 and 1.34 ± 0.6, 

2.44 ± 0.93, 0.25 ± 0.19 in (2009-2010) respectively. The 

annual mean ± SE of gross primary productivity was 1.67 ± 

0.54 (2008-2009) and 1.34 ± 0.43 (2009-2010). (Table 

1.1&1.2, fig 1.1a &1.1b). 

ANOVA comparing gross primary productivity between 

stations for the year 2008-2009 showed significant variations 

(at 5% level) between seasons and for periods within seasons 

.ANOVA comparing gross primary productivity between 

years of study showed variations between years significant (at 

1% level) between seasons and for periods within seasons for 

station 1.Station2, 3 and 4 showed variations between years 

significant at (1% level). Tukey test revealed that station 1 

and 4 showed significant variations between seasons (Table 

1.2,1.3&1.4). 

 

Net primary productivity  

The net primary productivity of station 1, ranged from -4.8 to 

2.4 mgC/l/ day to 2.4 mgC/l/ day in 2008-2009 and -6 mgC/l/ 

day to 3 mgC/l/ day in 2009-2010. The mean ± SE of net 

primary productivity in monsoon, post-monsoon and pre-

monsoon were -0.31 ± 2.24, 0.05 ± 0.84 and -0.97 ± 1.07 in 

2008-2009 and -0.55 ± 2.29, -0.1 ± 1.04,-0.73 ± 1.08 in 

(2009-2010) respectively. The annual mean ± SE of net 

primary productivity was -0.41 ± 0.79 in 2008-2009 and -0.46 

in 2009-2010 (Table 1.1 & 1.2, fig 1.2a &1.2b). 

The net primary productivity of station 2 ranged from -5.2 

mgC/l/ day to 6.2 mgC/l/ day in 2008-2009 and -5.2 mgC/l/ 

day to 7 mgC/l/ day in 2009-2010. The mean ± SE of net 

primary productivity in monsoon, post monsoon and pre 

monsoon were -2.85 ± 0.93, 0.55 ± 1.54 and 0.39 ± 1.94 in 

2008-2009 and -0.199 ± 1.1, 1.09 ± 1.62, 0.7 ± 2.12 in (2009-

2010) respectively. The annual mean ± SE of net primary 

productivity was -0.64 ± 0.93 in 2008-2009 and -0.07 ± 0.96 

in 2009-2010(Table 1.1 & 1.2, fig 1.2a &1.2b). 

The net primary productivity of station 3, ranged from -2 

mgC/l/ day to 0.6 mgC/l/ day in 2008-2009 and -5.4mgC/l/ 

day to 6mgC/l/ day in 2009-2010. The mean ± SE of net 

primary productivity in monsoon, post- monsoon and pre-

monsoon were -1.88 ± 0.72, -0.38 ± 1.82 and -0.35 ± 9.62 in 

2008-2009 and -0.83 ± 0.73, 0.9 ± 1.72,-1.8 ± 1.24 in 2009-

2010 respectively. The annual mean ± SE of net primary 

productivity was -0.29 ± 0.73 in 2008-2009 and -0.58 ± 0.76 

in 2009-2010(Table 1.1 & 1.2, fig 1.2a &1.2b). 

The net primary productivity of station 4, ranged from -1.8 

mgC/l/ day to 4.05 mgC/l/ day in 2008-2009 and -1.2mgC/l/ 

day to 2.6 mgC/l/ day in 2009-2010. The mean ± SE of net 

primary productivity in monsoon, post- monsoon and pre-

monsoon were 0.45 ± 0.8, 0.95 ± 1.12 and 0.15 ± 0.3 in 2008-

2009 and 0.2 ± 0.72, 0.68 ± 0.86, 0.05 ± 0.13 in 2009-2010 

respectively. The annual mean ± SE of net primary 

productivity was 0.52 ± 0.44 in 2008-2009 and 0.31 ± 0.35 in 

2009-2010(Table 1.1 & 1.2, fig 1.2a &1.2b). 

ANOVA comparing net primary productivity between 

stations showed variation at 5% level for periods within 

seasons during 2009-2010. ANOVA comparing net primary 

productivity between years showed significant variation 

between years (at 1% level) in station 2 and station 4. But 

station 1 showed variation between seasons significant (at 5% 

level) and for periods within seasons significant at (1% level). 

Tukey test revealed that station 1 and 4 showed significant 

variations between seasons (Table 1.2, 1.3 & 1.4). 
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Table 1.1: Gross primary productivity and net primary productivity (mgC/ l/day ) of stations (2008-2010) 
 

Year Season Month 

Primary productivity 

Station 1 Station 2 Station 3 Station 4 

Gross 

production 

Net 

production 

Gross 

production 

Net 

production 

Gross 

production 

Net 

production 

Gross 

production 

Net 

production 

2008-2009 

Monsoon 

JUN 2.1 1.4 0.6 -3.4 1.2 -3 3 2.8 

JUL 1.8 1.4 6.8 -1 1 -3 0 0 

AUG 0.15 -4.8 0.6 -5.2 0 0 0.2 -0.8 

SEP 0.8 0.775 0.8 -1.8 0.6 -1.5 2.8 -0.2 

Post-Monsoon 

OCT 2.4 -1.6 3.5 2.3 1.6 -0.4 3.4 0.044 

NOV 0.8 -0.2 3.6 3.1 0 0 1.6 -1.2 

DEC 3 2.4 1.8 -3.8 0.2 -1 1 0.9 

JAN 4 -0.4 2.6 0.6 0.08 0.05 6.45 4.05 

Pre-Monsoon 

FEB 2.4 2.2 8.8 6.2 0.4 -2 1.2 1 

MAR 1.05 -2.5 1.2 -1.8 3.2 -0.6 0.4 -0.4 

APR 1 -1.8 0.2 -1.46 0.6 0.6 0 0 

MAY 1.2 -1.8 0.4 -1.4 0.6 0.6 0 0 

2009-2010 

Monsoon 

JUN 3.15 3 1.25 -0.75 1.4 -3 2.75 2.2 

JUL 1.8 1.6 6.8 -1.6 3.6 0 0 0 

AUG 0.2 -6 0.8 -5.2 0 0 0 -1.2 

SEP 0.3 -0.8 0.8 -0.4 0.8 -0.31 2.6 -0.2 

Post-Monsoon 

OCT 2.4 -1.2 3.6 2.75 0.355 -0.4 1.75 -0.4 

NOV 3.4 -1.4 0 -3.6 0.2 -1.6 1 -1.08 

DEC 3.6 3 4 3.6 1 -0.4 1.8 1.6 

JAN 7 -0.8 4 1.6 6.4 6 5.2 2.6 

Pre-Monsoon 

FEB 3.4 2.4 8.8 7 1.2 -1.4 0.8 0.4 

MAR 2 -2.4 1.2 -2.2 4.6 -0.4 0.2 -0.2 

APR 1.27 -1.92 0.2 -1.2 0.95 0 0 0 

MAY 1.4 -1 0.4 -0.8 0.8 -5.4 0 0 

 
Table 1.2: Mean and SE values of primary productivity at stations 1-4 (2008-2010) 

 

Stations Year 2008-09 Season 

Gross Productivity Net Productivity 

Mean & SE Values Mean & SE Values 

t u 

 
u) -.41u1 1 1.21 a -0.31 a 

 
0.79 

 
0.42 2.24 

1 
 

2 2.55 b 0.05 b 

 
v) 44.91 

 
1.2 0.84 

 
4.34 3 1.41 a -0.97 c 

   
0.33 1.07 

 
u) -.64u2 1 2.2 a -2.85 a 

 
0.93 

 
1.53 0.93 

2 
 

2 2.88 a 0.55 b 

 
v) 56.19 

 
1.09 1.54 

 
5.47 3 2.65 a 0.39 c 

   
2.06 1.94 

 
u) -.29u1 1 0.7 a -1.88 a 

 
0.73 

 
0.26 0.72 

3 
 

2 0.47 a 1.34 b 

 
v) 47.89 

 
0.38 1.82 

 
5.53 3 1.2 b -0.35 c 

   
0.67 0.62 

 
u) .52u2 1 1.5 a 0.45 a 

 
0.44 

 
0.66 0.8 

4 
 

2 3.11 b 0.95 a 

 
v) 59.04 

 
1.22 1.12 

 
7.2 3 0.4 c 0.15 a 

   
0.28 0.3 

Stations 2009-2010 Season 
  

 
u) -.46u1 1 1.36 a -0.55 a 

 
0.83 

 
0.6 2.29 

1 
 

2 4.1 b -0.1 b 

 
v) 44.16 

 
1.07 1.04 

 
3.96 3 2.01 c -0.73 a 

   
0.49 1.08 

 
u) -.07u2 1 2.41 a -0.199 a 
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0.96 

 
1.47 1.1 

2 
 

2 2.9 a 1.09 b 

 
v) 55.24 

 
1.2 1.62 

 
5.69 3 2.65 a 0.7 c 

   
2.06 2.12 

 
u) -.58u1 1 1.45 a -0.83 a 

 
0.76 

 
0.77 0.73 

3 
 

2 1.99 a 0.9 b 

 
v) 49.13 

 
1.41 1.72 

 
5.46 3 1.89 a -1.8 c 

   
0.91 1.24 

 
u) .31u1 1 1.34 a 0.2 a 

 
0.35 

 
0.6 0.72 

4 
 

2 2.44 b 0.68 b 

 
v) 59.73 

 
0.93 0.86 

 
7.07 3 0.25 c 0.05 c 

   
0.19 0.13 

Results of Tukey Test presented using Subscripts a, b, c etc for Seasons 

Results of Tukey Test presented using Subscripts a1 etc, b 1 etc, c1 etcetc for Stations 

Subscripts with same alphabets do not differ significantly 
 

 
Table 1.3: ANOVA testing Gross primary productivity between stations (2008-2010) 

 

 
Gross Primary Productivity 2008-2009 Gross Primary Productivity 2009-2010 

  

Source 
Sum of 

squares 

Mean Sum of 

squares 

F 

Ratio 
Sum of squares 

Mean Sum 

of squares 

F 

Ratio 

Total 186.60 
  

211.90 
  

Between stations 19.10 6.40 2.20 13.70 4.60 1.20 

Between seasons 7.60 3.80 1.28 15.00 7.50 1.98 

Periods within seasons 62.35 6.93 2.34* 57.98 6.44 1.70 

Error 97.50 2.95 
 

125.22 3.79 
 

 

Table 1.4: ANOVA testing Net primary productivity between stations (2008-2010) 
 

 

Net Primary 

Productivity 2008-2009   

Net Primary 

Productivity 2009-2010   

Source Sum of squares 
Mean Sum 

of squares 
F Ratio Sum of squares 

Mean Sum 

of squares 

F 

Ratio 

Total 303.10 
  

309.90 
  

Between stations 9.10 3.00 0.50 5.80 1.90 0.40 

Between seasons 27.90 13.90 2.35 17.90 8.90 1.75 

Periods within seasons 70.31 7.81 1.32 117.76 13.08 2.56* 

Error 195.80 5.93 
 

168.46 5.10 
 

 

 
 

Fig 1.1a: Monthly variations of Gross primary productivity (2008-2009) 
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Fig 1.1b: Monthly variations of Gross primary productivity (2009-2010) 

 

 
 

Fig 1 .2a: Monthly variations of Net primary productivity (2008-2009) 

 

 
 

Fig 1.2b: Monthly variations of Net primary productivity (2009-2010) 

 

4. Discussion 

Studies on the primary productivity of aquatic ecosystems are 

essential for the proper assessment of the biological potential 

of that habitat. Primary production and respiration are the 

major metabolic pathways by which organic matter is 

produced and destroyed. The basis for nearly all life in the 

aquatic ecosystem is the photosynthetic activity of the aquatic 

plants and phytoplankton. The abundance of phytoplankton 

will reflect the primary production of a particular ecosystem. 

They nourish the other microorganisms present in the aquatic 

system. This will increase the fish production of the water 

body directly or indirectly the primary productivity of the 
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environment (Vijayaraghavan, 1971) [30]. In an aquatic 

ecosystem, fishes entirely depend on natural foods. Thus there 

is a close dependence of fish production upon the levels of 

primary productivity (Boyd and Lichtkoppler, 1979) [3]. 

The stations recorded productivity range from 0.15 mgC/l/day 

to 8mgC/l/day. Station 2 showed maximum rate of gross 

primary production. Productivity values showed maximum 

during the post monsoon period and a minimum during the 

monsoon period. Gross primary productivity was higher than 

that of net primary productivity and lower values of net 

primary productivity below detectable levels was also noticed 

in certain periods. Similar observations were made by Shibu 

(1991) [28] in Paravur Lake. Gross primary productivity 

touched zero values and in case of net primary productivity 

zero values observed mostly during pre-monsoon followed by 

monsoon. Gross primary productivity and net primary 

productivity maximum values obtained during post-monsoon 

and minimum values in monsoon season. This may be due to 

the high level of dissolved oxygen during post-monsoon. The 

seasonal variation in the primary production seems to be 

controlled by the interaction of light, temperature and 

phytoplankton population. 

Transparency was maximum during the post-monsoon where 

gross production and net production was maximum. This is 

because there is a significant positive relationship between 

gross production and net production. The rate of primary 

production within the estuary itself is determined partly by the 

availability of light (Jonathan &Rammohan, 2003) [16].  

High temperature during pre-monsoon seems to coincide with 

high gross productivity and low temperature in monsoon 

coincides with low gross primary productivity. An inverse 

relationship between dissolved oxygen and gross primary 

productivity was noticed in the present study. The relation 

between dissolved oxygen and gross primary productivity 

increased and decreased along with fluctuation in the oxygen 

concentration (Nair and Abdul Aziz, 1987) [21]. In Ashtamudi 

estuary it has been found that the depletion of dissolved 

oxygen in the surface water and bottom water caused total 

failure of primary productivity especially in polluted areas 

(Nair et al., 1984) [22]. The high dissolved oxygen 

concentration in Paravur back water coincided with high net 

primary productivity. 

Salinity showed an inverse relationship with gross primary 

productivity in all stations, while it also showed a positive 

relationship with net primary productivity in station 4. 

Ragothaman and Reddy (1982) [25] observed that less salinity 

leads to less production in Tapi estuary. 

pH surface also expressed an inverse relationship with gross 

primary productivity in almost all stations except station 

3.Seasonal variation in hydrogen ion concentration seemed to 

have an inverse effect on the productivity as reported by the 

studies of Anuradha et al., (2011) [2]. 

A significant positive relationship between nitrite surface and 

nitrate surface and gross primary productivity was observed in 

station 2. The variation in nutrient concentration was 

recognized as one of the major factors controlling primary 

production (Fee et al., 1988) [9]. Previous researches indicated 

that primary productivity was strongly correlated with nitrate 

of surface water concentration and negatively correlated with 

salinity (Malten et al., 1991) [19]. Also periods of increased 

river flow were associated with an increase in nitrate, 

phosphate loads that have become a major environmental 

concern for these aquatic ecosystems which experience 

eutrophication and hypoxic condition (Bowen and Valiela, 

2004) [4]. There was also the effect of effluents of prawn 

culture fields that enters in to the Thekkumbhagam creek. 

Net primary productivity showed negative values for certain 

periods. As this creek is often subjected to high nutrient loads, 

which may lead to eutrophication of this water mass. Hence 

phytoplankton respiration can exceed biomass production 

because of low light penetration in to the water column. This 

results in a negative depth integrated net primary production 

(Grobbelar, 1985; Reid et al., 1990; Cole et al.,1992, Heip et 

al.,1995) [12, 27, 7, 13]. Net Ecosystem Production (NEP) is the 

difference between gross primary production and ecosystem 

respiration .NEP, which can be positive or negative, 

represents the overall metabolic balance of an ecosystem 

(Howarth et al., 1988) [14]. When NEP is negative, respiration 

exceeds the gross primary productivity and the system 

respires more organic carbon than was produced by primary 

production within the system’s boundaries (Jonathan et 

al.,2000) [16]. Sustained negative values of NEP or GPP/R 

ratios less than one imply that a system’s respiration is 

subsidized by organic matter that was imported from outside 

of its boundaries. 

Thus the assessment of primary production in aquatic systems 

and determination of the physical and chemical characteristics 

of water serves as an important tool in water quality 

monitoring. 

 

5. Conclusion 

Productivity of an aquatic biotope can be defined as the 

capacity to produce and is commonly used as a qualitative 

term for indicating the fertility of any water body. Since all 

the organic matter available in a water body is primarily 

synthesized by the primary producers and the products are 

transferred to consumers through different trophic levels, the 

amount of primary production is the most significant factor 

which determines whether or not a particular water body is 

important from the fisheries angle. 
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