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ABSTRACT 

This work focuses on the links of oligotrophic and eutrophic bacterial populations 

and the physico-chemical parameters of waters collected from live coral, dead coral and 

open water areas. Water samples collected from surface and 5m depth were analysed for 

enumeration of oligotrophic and eutrophic bacteria and physico-chemical parameters. 

There were some significant differences (P<0.05) in the microbial load and the physico-

chemical parameters. The population of eutrophic bacteria was comparatively higher 

than oligotrophs. The lower number of oligotrophs in surface water might be due to 

abundance of phytoplankton in upper zones of sea making it a nutrient rich 

environment. The temporal variation of the bacterial counts in nutrient rich surface 

water was significant at one percent level (P<0.01). Two components were extracted for 

physico-chemical variables and microbial population. The individual microhabitat 

variable loadings, total variance and percentage of variance in individual sites were 

determined.  

KEYWORDS: Eutrophs, Oligotrophs, Physico-chemical parameters and Principal 

component analysis. 
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INTRODUCTION 

 The quality of water is usually 

determined by its physico-chemical 

characteristics. It is a well-established fact that 

domestic-sewage and industrial effluent 

discharged into natural water result in 

deterioration of water quality and cultural 

eutrophication (Raja et al., 2008). Vaan Island, 

Koswari Island and Port in Tuticorin are easily 

few of the less explored areas with reference to 

physicochemical and microbiological studies. 

Upsurge in human settlements, urbanization, 

tourism and marine transportation are matters 

that add significance to coastal water quality 

monitoring in Tuticorin Port. Tuticorin Coast is 

the most environmentally stressed of all the 

coastal areas in Gulf of Mannar due to human 

activities such as destructive fishing, coral 

mining and pollution from the industries along 

the coastal belt. In addition, the domestic 

sewage and pollution from port exacerbate the 

problems caused by industrial effluents to the 

coastal ecosystem (Patterson, 2002). 

Surface waters, such as rivers, lakes, 

estuaries and seas, receive large quantities of 

waste water from industrial, agricultural and 

domestic sources, including municipal sewage 

treatment plants. These surface waters, which 

contain many unknown compounds, are used as 

a source of drinking water, as well as for 

agricultural, recreational and religious activities 

around the world. Consequently, water 

pollution can be a serious public health and 

ecosystem problem (Wu, 2005).  

 The perception that microbes are 

homogeneously distributed in seawater is 

changing to a perception that microbes are 

distributed heterogeneously (Azam, 1998). The 

numerical abundance of viable heterotrophic 

bacteria in Tuticorin is within the ranges 

reported earlier from Southeast coast of India 

(Ramaiah et al., 1996). Variations in numbers 

of heterotrophic bacteria are common within a 

location and even within a single sample 

(Ramaiah and Chandramohan, 1987) and 

further, plate counts considerably 

underestimate total bacterial numbers (Hoch 

and Kirchman, 1993). 

During the last several decades, the 

water quality of the Indian rivers has been 

deteriorating due to continuous discharge of 

industrial wastes and domestic sewage (Dyniel 

and Wood, 1980; Shaw et al., 1991; Sivakumar 

et al., 2000; Sachidanandamurthy and 

Yajurvedi, 2006; Krishna et al., 2007; Duran 

and Suicmez, 2007; Smitha et al., 2007).  
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Besides a vast body of literature dealing 

with enumeration of total heterotrophic bacteria 

using nutrient-rich Zobell medium from 

Tuticorin coastal waters, basic information on 

physico-chemical and bacteriological aspects of 

these water is still a lacunae. This is the first 

attempt to enumerate total heterotrophic 

bacteria using two different media viz., 

nutrient-rich (eutrophs) as well as nutrient-poor 

(oligotrophs) media from Tuticorin coastal 

waters. The main objective of this study is to 

gain preliminary understanding and provide 

some basic insight into the abundance and 

variations about the distribution of oligotrophs 

and eutrophs in coastal waters of Vaan Island 

(Lat. 8
o 

50’ N and Long. 78
o 

13’ E), Koswari 

Island (Lat. 8
o 

52’ N and Long. 78
o 

13’ E) and 

Tuticorin Port (Lat. 8
o 

45’ N and Long. 78
o 

13’ 

E) (Fig. 1). The present study also describes the 

quantitative distribution of bacteria in live coral 

area, dead coral area and open seawater area. 

MATERIALS AND METHODS 

Seawater samples for bacteriological 

examination and analysis of abiotic parameters 

(physico-chemical) were collected from three 

stations along Tuticorin coast viz., live coral 

area (Tuticorin port), dead coral area (Vaan 

Island) and open water area (Koswari Island). 

Water samples were collected from surface and 

5m depths using sterilized microbiological 

sampler.  

Microbiological Parameters 

Enumeration of oligotrophs and 

eutrophs were carried out (Ichikawa, 1983). 

Water samples were aseptically transferred to 

laboratory and plated using conventional pour 

plate technique in two different media. Organic 

nutrient-rich and nutrient-poor media were 

prepared for counting viable bacteria. The 

nutrient-rich (NR) medium contained 10 g of 

peptone (Hi Media, Mumbai), 5 g of yeast 

extract (Hi Media, Mumbai) and 15 g of agar 

(Hi, Media, Mumbai) in one litre of filtered 

seawater, while the nutrient–poor (NP) medium 

contained only 10 mg of peptone and 15 g of 

agar. pH of these media were adjusted to 7.8. 

The plates were incubated for 7 days at room 

temperature. After incubation, the numbers of 

colonies were enumerated. 

Physico-chemical parameters 

The abiotic parameters viz., water 

temperature, salinity, pH, dissolved oxygen, 

calcium, magnesium, phosphate, nitrate and 

nitrite were analyzed (Venugopalan and 

Paulpandian, 1989). Seawater samples were 
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collected in triplicates from both surface and 

5m depth from all the three stations.  

Statistical analysis 

The parameters were correlated with the 

bacterial population density along stations. The 

relationship between the abiotic parameters and 

the bacterial populations were determined using 

Principle Compound Analysis (PCA) and the 

monthly variation between and within stations 

were subjected to ANOVA (Zar, 1984). 

Package STATISTICA version 5.0 was used 

for statistical analysis. 

RESULTS AND DISCUSSION 

Physico-chemical parameters 

Temperature generally showed broad 

variations. Temperature ranged between 27
o 

C 

and 33
o 

C in all three stations (Fig. 2a). The 

variation in temperature was found to be 

significant (P<0.01) between stations as well as 

months (Table 1). In response to raise of water 

temperature in summer, an increase in seawater 

temperature has occurred. The temperature of 

water was essentially influenced by the 

atmosphere (Subramanian and Mahadevan, 

1999). 

Salinity was high (36 ppt) on all three 

stations during April (Fig. 2b). ANOVA 

showed that the temporal and spatial values of 

salinity did not differ significantly (P>0.05) 

(Table 1). The high values of salinities 

recorded would be due to scarcity of rainfall, 

cessation of river water influx and high surface 

water temperatures that facilitated an increased 

rate of evaporation from the sea area thereby 

increasing the salinity in these areas too.  

 The pH of seawater is influenced by 

combination of factors, with principal ones 

being photosynthetic activity, DO 

concentrations and sewage wastewater. 

Insignificant variation among stations and 

between months was observed in the pH (Table 

1). pH 7.5 was most often recorded in Tuticorin 

Port (Fig. 2c). The pH value obtained in the 

present work was much lower than reported by 

various others (Padma and Periakali, 1999; 

Subramanian and Mahadevan, 1999). Such low 

pH values in all three stations could be due to 

absence of fresh water inflow. Direct 

correlation was also found between the salinity 

content and pH (Raja et al., 2008) 

Oxygen values tend to decrease with 

increase in salinity. Among all three stations, 4 

mg
 
l
-1

 was the lowest dissolved oxygen and 

6.65 mg
 
l
-1

 was the highest DO level recorded 

(Fig 2d). ANOVA revealed significant 



         Journal home page: www.ijreb.org 

   

OLIGOTROPHIC AND EUTROPHIC BACTERIA AS BIOINDICATOR OF PHYSICO-CHEMICAL PARAMETERS - P. Ashok 
Kumar, P. Karpagam and M.Murugan   2014 Vol. 2 (2) Page 5 

ISSN 2321-743X 
International Journal of Research in 

Engineering and Bioscience 
Volume 2 (Issue 2) Pages: 01-15  

  

 
IJREB 

 

difference in DO between months (P<0.05) and 

was found to be insignificant (P>0.05) between 

stations (Table 1). The DO values showed a 

general increasing trend during monsoon 

periods (Sarma et al., 2002). 

The Calcium content variation observed 

in the present study was found to be low. The 

level of calcium ranged from 370 mg
 
l
-1

 to 490 

mg
 

l
-1

. 440 mg
 

l
-1

 was the calcium level 

frequently recorded (Fig. 2e). Variations in 

level of calcium did not differ significantly (P > 

0.05) between stations and months (Table 1). 

Other factors influencing Calcium 

concentrations in sea water can be the 

involvement of geochemical process such as 

adsorption on fine grained suspended particles 

and its incorporation to varying amounts, as 

calcite and aragonite by the organisms which 

secrete carbonate skeletons (Padmavathi and 

Satyanarayana, 1999).  

Magnesium levels were found to be the 

minimum during summer which might be due 

to lack of influx of fresh water and utilization 

by phytoplankton. The level of magnesium 

during study period ranged from 1240 mg
 
l
-1

 to 

1747 mg
 
l
-1

 for all three stations (Fig. 2f). 

Statistical analysis in table 1 showed that 

temporal and spatial variation of calcium was 

significant (P<0.05). Also the prevalence of 

trace metals in open coastal water is affected by 

several factors such as land drainage 

flocculation, incorporation into phytoplankton 

and adsorption/desorption from suspended 

matter (Subramanian and Mahadevan, 1999). 

The average concentrations of nitrate 

showed generally low values at all 3 stations 

during summer due to nitrification processes. 

The level of nitrate was low during initial 

months of study period (Fig. 2g). Insignificant 

difference (P>0.05) between the stations and 

significant difference (P<0.01) between months 

was found from the values of nitrate (Table 1). 

The inflow of river water carries large 

amounts of nitrite and overall lower values of 

nitrite in all three stations might be due to lack 

of river water inflow into these regions. The 

minimum and maximum level of nitrite 

recorded from all three stations was 0.017 µg
 
l
-1

 

and 0.056 µg/l respectively (Fig. 2h). There 

was significant difference in the values of 

nitrite between stations (P<0.05) and months 

(P<0.01) (Table 1). Also the process of surface 

depletion due to involvement in bio-

geochemical cycles namely uptake by 

phytoplankton during photosynthesis of surface 

should also be kept in mind while such low 
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values of nitrite are registered (Padma and 

Periakali, 1999). 

Phosphates showed low variation in all 

three stations. Seasonal variations indicated 

high values in winter whereas lower values 

were observed in summer. The level of 

phosphate recorded in all the three stations 

ranged between 0.039 µg
 
l
-1 

and 0.869 µg
 
l
-1

 

(Fig. 2i). ANOVA showed significant variation 

in the values of phosphate between stations 

(P<0.05) and it was found to be insignificant 

(P>0.05) between months (Table 1). The 

decrease of phosphate during summer was 

presumably related to increase in rate of uptake 

by phytoplankton, which would have been 

abundant in summer (Shriadah and Ghais 

1999).  

Microbiological parameters 

Nitrate concentration was important in 

limiting the population size of both oligotrophs 

and eutrophs in seawater (Yanagita et al., 

1978), but we did not find that to be the case. 

Since deep sea comprises such a large part of 

earth’s biosphere, it is important to understand 

how microbes in deep sea function under in situ 

environmental conditions (Wirsen and 

Molyneaux, 1999). However, invariably, 

isolated obligately oligotrophic bacteria have 

been found to adapt and become facultative 

oligotrophs, capable of growing in presence of 

higher concentration of substrate (Schut et al., 

1993). 

The monthly mean variations of 

physico-chemical parameters and microbial 

populations (oligotrophs and eutrophs) from 

three different stations are shown in Fig. 2 (a-

m). At 5 meter deep, number of oligotrophs 

was relatively higher than that of eutrophs. 

Generally the range of concentration of 

oligotrophs and eutrophs in surface waters and 

at 5m depth were with better variations.  

Principal component analysis (PCA) 

was extracted for monthly variations in 

physico-chemical parameters and microbial 

population for all three stations. Two 

components were extracted for physico-

chemical variables and microbial population 

(Fig 3-5). The individual microhabitat variable 

loadings, total variance and percentage of 

variance in individual sites are presented in 

Table 2.  

   First two components were extracted 

by Principal Component Analysis with 47%, 

43% and 47% of variance in physico-chemical 

and microbial parameters for Vaan Island, 
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Koswari Island and Tuticorin Port respectively. 

Component one of Vaan Island (27% variance 

explained) showed that large positive values 

were weighed heavily for almost all biotic 

parameters and abiotic parameters, exempting 

calcium, nitrate and phosphate. A similar trend 

was seen in Multiscale analysis of natural 

variability in stream fish assemblages (Lohr 

and Fausch, 1997).  

Component one of Koswari Island (23% 

variance explained) showed that positive values 

were correlated towards pH, dissolved oxygen, 

calcium, nitrate, NRSW, NRBW and NPSW. 

Component two in Tuticorin Port indicated that 

salinity, dissolved oxygen, nitrite, phosphate, 

NRSW, NRBW, NPBW and NPSW showed 

strong negative values. Our observation 

showed similar trend in values of diversity and 

ecological structure of fishes in selected 

streams and rivers in Western Ghats (Johnson, 

1999). The need for quality objectives for 

mixtures of chemicals was stressed (Russo, 

2002; Vighi et al., 2003). Thus, these studies 

play an important role in developing water 

quality criteria for assessment of hazardous 

chemicals in complex mixtures (Wharfe, 2004). 

CONCLUSION 

The general range of concentrations of 

oligotrophs and eutrophs in three stations were 

of same order with some regional differences 

worth noticing. The study clearly illustrates the 

preliminary understanding of abundance and 

variations about distribution of oligotrophs and 

eutrophs in Tuticorin coastal waters.  
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Figure: 1 Location of the three research stations along Tuticorin Coastal waters, Gulf of Mannar, Southeast 

coast of India 
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Station 1 - Tuticorin Port 

Station 2 - Koswari Island 

Station 3 - Vaan Island 

 
Figure: 2 Monthly mean variations of physico-chemical parameters and microbial populations (oligotrophs 

and eutrophs) from three different stations. 
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Phosphate (-0.016) 
Temperature (0.081), Salinity (0.585), 

Dissolved Oxygen (0.755), pH 

(0.52) 

 
Calcium (-0.085) 

Nitrate (-0.072) 

Nitrite (0.143), Magnesium (0.814), NRSW (0.52), 

NRBW (0.764), NPBW (0.86), NPSW (0.233) 

Figure: 3 Principle compound analyses on the physico-chemical parameters, oligotrophs and   eutrophs of 

Tuticorin Port. 

 

Temperature (-0.77), Nitrite (-0.19) 
Calcium (0.02), Dissolved Oxygen (0.26), 

NRBW (0.67), pH (0.18), NPBW (0.67) 

 
Magnesium (-0.12), Salinity (-0.13) 

Phosphate (-0.69), Nitrate (-0.33) 
NRSW (0.66), NPSW (0.88) 

Figure: 4 Principle compound analysis on the physico-chemical parameters, oligotrophs and eutrophs of 

Koswari Island. 
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Temperature (-0.24), Calcium (-0.75), pH (-0.23) Magnesium (0.57), Nitrate (0.756) 

 

Dissolved Oxygen (-0.69), NRSW (-0.066),  

NPBW (-0.19), Nitrite (-0.78). 
Salinity (0.134), Phosphate (0.37), 

NPSW (0.62), NRBW (0.39) 

Figure: 5 Principle compound analysis on the physico-chemical parameters, oligotrophs and   eutrophs of 

Vaan Island. 

Table: 1 ANOVA due to physico-chemical parameters and microbial populations from two 

different media 

S.No Parameters 
Within Stations  

(F - Statistic) 
Between Months  

(F - Statistic) 

1 Temperature 6.444** 16.912** 

2 Salinity 0.66
NS 0.732

NS 
3 pH 1.600

NS 0.778
NS 

4 Dissolved Oxygen 1.485
NS 2.487* 

5 Calcium 3.002
NS 1.513

NS 
6 Magnesium 5.035* 3.573** 

7 Nitrate 1.806
NS 8.824** 

8 Nitrite 4.374* 3.313** 
9 Phosphate 5.701* 1.385

NS 
10 NRSW 4.399* 3.476** 
11 NRBW 0.929

NS 1.879
NS 

12 NPSW 4.070* 1.623
NS

 
13 NPBW 0.662

NS 0.675
NS 

NRSW - Nutrient Rich Surface Water  NRBW- Nutrient Rich Bottom Water 

NPSW - Nutrient Poor Surface Water  NPBW - Nutrient Poor Bottom Water 
NS - Non Significant    * - Significant at 5% Level 

**- Significant at 1% Level 
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Table: 2 Principal Component loadings for physico-chemical and microbial parameters on two 

factors produced by Principal Components Analysis. 

Variables 
Tuticorin Port Koswari Island Vaan Island 

PC I PC II PC I PC II PC I PC II 

Physico-Chemical Parameters 

Temperature 0.081 0.678 -0.768 0.189 -0.243 0.580 

Salinity 0.585 0.020 -0.132 -0.191 0.134 -0.397 

Ph 0.520 0.403 0.177 0.357 -0.230 0.348 

Dissolved oxygen 0.755 0.462 0.260 0.647 -0.696 -0.241 

Calcium -0.084 -0.546 0.023 0.697 -0.752 0.214 

Magnesium 0.814 -0.083 -0.120 -0.704 -0.569 0.349 

Nitrate -0.071 -0.706 0.326 -0.561 0.756 0.267 

Nitrite 0.143 -0.350 -0.191 0.614 -0.776 -0.430 

Phosphate -0.016 0.724 -0.688 -0.295 0.371 -0.191 

Microbial Parameters 

NRSW 0.519 -0.456 0.657 -0.154 -0.066 -0.881 

NRBW 0.764 -0.285 0.672 0.224 0.390 -0.763 

NPSW 0.232 -0.212 0.879 -0.080 0.620 -0.327 

NPBW 0.863 -0.098 -0.212 0.435 -0.119 -0.397 

 

Variance Explained 3.539 2.587 3.037 2.650 3.3708 2.761 

 

Percentage of Variance 27.224 19.901 23.36 20.378 25.929 21.240 

 

Eigenvalue 3.539 2.587 3.038 2.649 3.370 2.761 

 


