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Abstract 

In order to examine the health of the coastal waters off Visakhapatnam in terms of prevalence and 
abundance of heterotrophic (H), indicator and pathogenic (P) bacterial counts (BC) and influence of 
physical processes on them, time-series observations were conducted during January (winter), March 
(spring), July (summer) and October (post-monsoon). We noticed the impact of physical forces on 
substantial variations in abundance and distribution of the HBC, total coliforms, Enterococcus 
faecalis and Pseudomonas aeruginosa in the study region. Based on our results Escherichia coli and 
other PBC were not much influenced by the physical conditions. It has been noticed that the 
perennial existence of the high abundance of IBC and PBC above the standard limits during the 
entire study period leading to an alarming situation in the coastal waters off Visakhapatnam.  
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1. Introduction 

Conventionally, indicator bacteria have been used to advocate the prevalence of pathogens 

(Berg, 1978). Indicator bacteria are two groups which reveal the efficiency of a process like to know 

the chlorine disinfection (total coliforms (TC)) and another group shows the occurrence of faecal 

contamination, such as the bacterial groups Escherichia coli (EC) or Enterococcus faecalis (EF) 

which surmise that pathogens may be present (Nicholas et al., 2001). Coliforms endure in a marine 

environment for multiple weeks (Patti et al., 1987, Piccolomini et al., 1987) and are the prevailing 

bacteria in the land driven discharges and their existence in the marine environment is considered an 

indicator of water pollution. There are several adverse conditions and agents which reduce the 

viability of these bacteria in the marine environment (Robin et al., 2012, Rozen and Belkin, 2001). 

Contamination of coastal waters with human pathogens is documented (DebRoy et al., 2012, 

Nagvenkar and Ramaiah, 2009, Patra et al., 2009, Prasad et al., 2015, Robin et al., 2012, Rodrigues 
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et al., 2011). There are several dreadful diseases like cholera, diarrhoea, dysentery and typhoid fever 

were caused due to different water born pathogenic microbes. Waterborne outbreaks of pathogenic 

bacteria from contaminated water are serious threats to public health.  

The Bay of Bengal, northeastern part of Indian Ocean, is one of the largest bay in the world 

covers an area of 2,172,000 km² and receives huge anthropogenic inputs from large rivers, such as 

the Ganges, Brahmaputra, Irrawaddy, Mahanadi, Godavari, Krishna etc. (Varkey et al., 1996). As a 

result of the freshwater discharge, the upper water column stratifies resulting in weak vertical mixing 

(Prasanna Kumar et al., 2002). The Bay of Bengal coast is shared by several under-developed and 

developing countries which discharge several pollutants. The seasonal reversing in East Indian 

coastal currents (EICC) distributes these pollutants along the east coast of India (Varkey et al., 1996). 

Recently Prasad et al. (2015) reported spatial distribution of heterotrophic, indicator and pathogenic 

bacteria along the east coast of India due to discharge of freshwater from various rivers, which 

receive variable magnitude of pollutants. They noticed that higher viable bacterial counts in the 

coastal waters, off Visakhapatnam, than regions which are influenced by river discharge, due to the 

discharge of and attributed a significant amount of domestic and industrial sewage. These microbes 

coming from domestic and industrial activities finally can cause illness to human using recreational 

activities in the coastal waters or by taking fouled marine foodstuff. Organic matter is a substratum 

to the bacteria for their growth and several physical processes in the coastal waters supports their 

production. For instance, coastal upwelling during March to September, vertical mixing due to 

cyclones during October to December and Ekman pumping during January to March bring nutrient-

rich subsurface waters to the surface that promotes phytoplankton production (Maneesha et al., 2011, 

Sarma et al., 2013). The enhanced organic matter production through in-situ processes may support 

heterotrophic bacterial abundance in the coastal waters. In order to examine health of the coastal 

waters, in terms of heterotrophic, indicator and pathogenic bacteria, the time-series observation were 

conducted at 6 stations in the coastal Bay of Bengal, off Visakhapatnam, during four different 

months (January, March, July and October) corresponding to four different seasons (winter, spring, 

summer and post-monsoon) to examine distribution of heterotrophic, indicator and pathogenic 

bacteria. The questions addressed in this study are: 1) What is the abundance and distribution of 

heterotrophic, indicator and pathogenic bacteria in the coastal Bay of Bengal? 2) What is the role of 

physical and atmospheric processes on the spatial and temporal variations of these bacteria in the 
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water column? and 3) Assessment of quality of coastal waters of Bay of Bengal, off Visakhapatnam, 

with reference to bacterial population. 

2. Materials and methods 

2.1. Study site 

The north-eastern Indian Ocean (Bay of Bengal) is a distinctive tropical ecosystem which 

receives enormous amount of freshwater discharge (1.6 x 1012 m3 year-1) through various rivers, such 

as Ganges, Brahmaputra, Irrawaddy-Salween, Godavari, Krishna, Mahanadi etc. resulting in reduced 

salinity in the upper ocean (Varkey et al., 1996; Prasanna Kumar et al., 2002). The coastal circulation 

reverses its direction from equatorward during summer and poleward during post-monsoon and 

winter (Varkey et al., 1996). Cyclones/depression are formed every year during summer and post-

monsoon periods resulting in high productivity (Maneesha et al., 2011). Based on the occurrence of 

unique physical processes, the study region is divided into three different periods, viz., winter 

(December-February) spring (March-May) and summer (June-September) and fall monsoon 

(October-November) periods. The continental shelf in the study region is quite steep common to the 

bay (except in Gangetic basin) compared to the Arabian Sea, and the 100 m contour occurs at ~17 

nautical miles from the coast (Fig. 1). 

 

2.2. Sample collection and analysis 

The sampling was performed in the coastal and off-shore regions of the Bay of Bengal at six 

preset stations (Fig. 1) at standard depths during four different months, January, March, July and 

October 2014. Vertical profiles of pressure, temperature and salinity were measured using a portable 

conductivity, temperature and depth (CTD) profiler (SBE 19 plus; Sea Bird Electronics, USA). 

Water samples were collected from standard depths using a 10 L Niskin bottle. Bubble-free water 

samples were first taken for dissolved oxygen (DO) measurements following the Winkler titration 

method of Carritt and Carpenter (1966). The analytical precision, expressed as standard deviation, 

was 0.07 % for oxygen. The concentrations of nutrients were measured following standard 

spectrophotometric procedures using an autoanalyzer (Technicon; Traacs, Australia) (Grasshoff et 

al., 1983). The detection limits for nitrate, ammonium and phosphate were ±0.05, ±0.05 and ±0.02 

µM respectively. A 2-L water sample was filtered through a GF/F filter (0.5 µm pore size; 

Whatman). Chl-a on the filter was first extracted with N, N-dimethylformamide (DMF), at 4o C in 
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the dark for 12 h and then spectrofluorometrically analysed (Varian Eclipse fluorescence 

photometer) following Suzuki and Ishimaru (1990). The analytical precision for Chl-a analysis was 

±4 %. 

About 100 ml of sample was taken into a pre-sterilized bottle for bacterial analysis. All 

samples were collected with precautions required for microbiological analysis and analysed after 

transporting to the laboratory. The bacteriological examinations were done following Ramaiah et al. 

(2004) and Prasad et al. (2015) for the enumeration of heterotrophic, indicator and few pathogenic 

bacteria. The different selective media`s were used for the specific bacterial groups. Heterotrophic 

bacterial counts were determined on R2A agar, enumeration of coliforms on McConkey agar, 

Aeromonas on Aeromonas Isolation agar, Enterococcus faecalis on Rapid HiEnterococci (RHE) 

agar, Escherichia coli O157:H7 on HiCrome EC O157:H7 agar, Pseudomonas spp. on Cetrimide 

agar, Salmonella spp. and Shigella spp. on Xylose-Lysine-Deoxycholate (XLD) agar. Vibrio spp. on 

Thiosulphate citrate bile salts sucrose (TCBS) agar, The specific colonies (unique to the organism of 

interest) on the respective agar media (HIMEIDA) were quantified and the results were expressed in 

colony forming units (cfu ml-1) according to Nagvenkar and Ramaiah (2009). 

 

 

3. Results and discussion 

3.1. Physicochemical properties 

The water column temperatures were relatively lower during winter followed by summer, 

spring and post-monsoon (Fig. 2a-d). The water column was thermally stratified during spring, 

summer and post-monsoon period and it was weakly stratified during winter (Fig. 2a-d). The 

occurrence of coastal upwelling can be noticed during spring and summer as evidenced from the up 

sloping of isotherms from the depth of 80 to 100 m to the surface (Fig. 2b and c). Salinity showed 

significant seasonal variability with relatively fresh waters during post-monsoon followed by winter, 

spring and summer (Fig. 2e-h). The strong salinity stratification was observed during winter and 

post-monsoon period (Fig. 2e and h). Relatively higher phytoplankton biomass (as Chlorophyll-a 

(Chl-a)) was observed close to the coast (2.4 km) compared to offshore during the entire study 

period (Fig. 2i-l). Higher water column integrated Chl-a was observed during summer followed by 

spring due to the occurrence of coastal upwelling  (Fig. 2j and k) than post-monsoon  (Fig. 2l) 
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associated with low salinity (Fig. 2h). The highest total suspended matter (TSM) was observed 

during post-monsoon followed by summer (Fig. 3h and f). The lower Chl-a observed during post-

monsoon is consistent with, the higher TSM. Dissolved oxygen (DO) concentrations vary from 55 

µM to 308 µM (Fig. 3i and l). The higher DO observed during summer associated with high Chl-a. 

Ammonium, nitrate and phosphate concentrations in the water column varied from 0.03 to 4.6 µM, 

0.2 to 12.9 µM and 0. to 5.6 µM respectively (Fig. 4a-l). Relatively higher ammonium and phosphate 

were observed during post-monsoon  (Fig. 4d and l) while higher nitrate concentrations were found 

during spring and summer  (Fig. 4f and g) suggesting that upwelling brings a significant amount of 

nitrate to the surface and it is consistent with Chl-a. 

 

 

3.2. Influence of upwelling on heterotrophic, indicator and pathogenic bacterial abundance and 

distribution in the coastal Bay of Bengal 

The coastal Bay of Bengal receives nutrients through coastal upwelling during spring and 

summer (March-August) leading to high phytoplankton biomass (Fig. 2j and k), and it is consistent 

with earlier observations (Gomes et al., 2000, Sarma et al., 2013). Upwelling phenomena start during 

March and gradually intensify during May to July. HB was not much abundant (4.87 x 103) during 

spring (Fig. 5j) compared to intense upwelling period (summer) (Fig. 5k). High abundance of HB 

was noticed in the upper 50 m of water column throughout the study period with higher abundance 

during summer (2 x 102 to 5.5 x 105 CFU/ml; Fig. 5k) due to the continuous supply of nutrients from 

upwelling (Fig. 2b and c) resulting in formation of organic matter through biological processes. Such 

high abundance in HB was consistent with high phytoplankton biomass and dissolved oxygen 

concentrations in the study region (Fig. 3k). Enhanced phytoplankton biomass was observed during 

summer associating with high concentrations of nutrients leading to the formation of fresh and labile 

organic matter through primary production. This fresh organic matter enhanced high abundance of 

HB in the study region. HB can respond quickly to the pulsed production cycles like in the upwelling 

(McManus and Peterson, 1988) and decomposes a major portion of dissolved organic matter 

generated by phytoplankton (Troncoso et al., 2003). The occurrence of higher bacterial productivity 

and bacterial growth rates were noticed in the upwelling compared to non-upwelling periods (Cuevas 
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et al., 2004, Sorokin and Kogelschatz, 1979, Sorokin, 1981, Hanson et al., 1986, Bak and Nieuwland, 

1993, Tenore et al., 1995).  

The presence of TC throughout the water column during spring (Fig. 6b) indicates continuous 

discharge from the Visakhapatnam City. The slightly high abundance of TC was also observed in the 

off-shore that may due to fishing activity and shipping traffic. The high TC during summer might be 

due to the availability of in situ organic matter generated as a result of upwelling (Fig. 6c). Although 

EC was part of faecal coliforms, their abundance was observed only in very few sampling points 

during spring (Fig. 6f) and not observed during summer (Fig. 6g). No EF counts were observed 

during spring (Fig. 6j), but they were higher during summer (Fig. 6k). It seems IB was not much 

influenced by the upwelling process during spring compared to summer.  

AH counts were observed only at one station that (V3 0, 10 and 20 m) during spring (Fig. 7b) 

that may be due to fisherman activities and it was absent during summer (Fig. 7c). EC O157:H7 

counts were observed in most of the sampling points in V1 to V3 stations and at three off-shore 

sampling points in V6 station during spring (Fig. 7f) and again it was absent during summer (Fig. 

7g). Low abundance of EA was observed in few sampling points during spring (Fig. 7j) whereas 

their abundance was noticed in the upper 50 m during summer (Fig. 7k). The scattered occurrence of 

KP was observed during spring (Fig. 8b) and summer (Fig. 8c). SaT and Sh sp., counts were more 

and were mainly concentrated in the off-shore stations during spring (Fig. 8f and j), but they were 

absent during summer (Fig. 8g and k). PA counts were low and uniform thorough out the water 

column during spring (Fig. 9b), but their abundance increased during summer (Fig. 9c) (1 x 103 to 1 

x 105 CFU/ml) that could be due to the high availability of organic matter caused by upwelling. VC 

and VV counts were observed during spring (Fig. 9f) but not during summer (Fig. 9g). Vibrio 

fluvialis (VF) and VP counts were not observed in the study region (Fig. 9j and k). It shows 

pathogenic bacterial counts were not much affected by the influence of upwelling due to their 

sporadic release from those faeces which are released by infected individuals and their number is 

lower compared to an indicator and heterotrophic bacteria. 

 

 

3.3. Influence of cyclone ‘Hud hud’ on heterotrophic, indicator and pathogenic bacterial abundance 

and distribution in the coastal Bay of Bengal 
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Intense winds associated with cyclones churn the upper ocean leading to the input of nutrients 

to mixed layer and enhanced primary production (Goldman, 1988, Taylor, 1989). Enhancement in 

phytoplankton abundance and productivity are generally observed during several cyclones shortly 

after they crossed the land (Furnas, 1989, Delesalle et a1., 1993, Nayak et al., 2001, Madhu et al., 

2002, Maneesha et al., 2011, Piontkovski and Al-Hashmi, 2014, Mangesh et al., 2016). Cyclones 

also bring the significant amount of precipitation resulting in land-drainage to the coastal waters. On 

12th October 2014, Very Severe Cyclonic Storm ‘Hud hud’ hit the east coast of India at 

Visakhapatnam and it was the strongest tropical cyclone of 2014 within the North Indian Ocean, as 

well as the most destructive tropical cyclone that ever hit the major coastal city in India, particularly 

the Visakhapatnam coast. The cyclone ‘Hud hud’ originated from a low-pressure system that formed 

under the influence of an upper-air cyclonic circulation over the Andaman Sea, intensified into a 

cyclonic storm and as a Severe Cyclonic Storm. Shortly before the landfall near Visakhapatnam 

coast, ‘Hud hud’ reached its peak strength with wind speeds of 217 km/h and a minimum central 

pressure of 960 hPa. The ‘Hud hud’ caused extensive damage to the city of Visakhapatnam and the 

neighbouring districts of Vizianagaram and Srikakulam of Andhra Pradesh, India. Cyclone Hud hud 

significantly modified total viable bacterial counts in the coastal Visakhapatnam due to land-

drainage. HB abundance was low (ranging from 5.6 x 102 to 1.6 x 104 CFU/ml (Fig. 5l) compared to 

summer (intense upwelling) after very severe cyclone Hud hud hit the coast. The occurrence of low 

saline water was observed in the upper 10 m of water column due to torrential rain followed by 

cyclone Hud hud leading to the low surface salinity of 18.4 to 22.5 psu with strong salinity 

stratification (Fig. 2h). During this time Chl-a concentration is less and mostly confined to coast and 

ranging up to 0.6 to 2.1 mg/m3 but rest of the column is between 0.1 to 0.5 mg/m3 (Fig. 2l) due to 

enhanced TSM from land drainage that decreases the light penetration to deep waters. Apart from 

this unusual conditions, HB abundance is more during this period (Fig. 5l) compared to the winter 

and spring (Fig. 5i and j). Such high abundance of HB is associated with high temperature, 

ammonium and phosphate concentrations in the water column and external source of organic matter. 

 Despite land drainage, a very low abundance of TC, EC and EF counts were observed during 

post-monsoon (Fig. 6d, h and l). It is possible that the land and the associated indicator bacteria 

might have been settled to the bottom in association with high total suspended matter (Fig. 3d and h). 

This study suggests that indicator bacterial counts were negatively influenced by the cyclone Hud 

hud.  

http://en.wikipedia.org/wiki/Andaman_Sea
http://en.wikipedia.org/wiki/Visakhapatnam
http://en.wikipedia.org/wiki/Vizianagaram
http://en.wikipedia.org/wiki/Srikakulam
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AH counts were observed in the study region (Fig. 7d) due to land discharges. EC O157:H7 

(Fig. 7h), KP and SaT were not observed abundantly (Fig. 8d and h). EA, PA, VC, VF, VV and VP 

were not observed in the entire study region during cyclone influenced period. It shows pathogenic 

bacterial counts were not much affected by the influence of cyclone Hud hud than it is hypothesized 

due to enhanced land-drainage. 

 

 

3.4. Influence of winter on heterotrophic, indicator and pathogenic bacterial abundance and 

distribution in the coastal Bay of Bengal 

Lower HB abundance was observed in the coastal stations due to the lower temperature in the 

water column (Fig. 5i) and low organic matter availability due to less discharge, weak vertical inputs 

of nutrients resulting in low phytoplankton production as evidenced by the Chl-a concentrations in 

the water column. 

The occurrence of TC was observed in the upper 50m of the water column in the entire study 

region due to the discharge of sewage from Visakhapatnam City. The enhanced abundance of TC 

was observed in the offshore region due to fishing activity and shipping traffic. It is unclear why EC 

was observed only during winter in the upper 50 m depth water column (Fig. 6e). The relatively 

higher abundance of EF counts was observed in the coastal than offshore that could be due to the 

discharge of sewage (Fig. 6i). It shows that only TC and EF were negatively influenced by the low 

temperature, nutrients and organic matter off-shore.  

AH counts were observed in only two off-shore sampling points (V4 0, 5 m) (Fig. 7a) might 

be due to fisherman activities. EA was abundant in the upper column from surface to around 50 m 

water column depth (Fig. 7i). PA was low and uniform thorough out the water column (Fig. 9a) 

during winter. This suggests the physical conditions (low temperature in the water column) (Fig. 2a) 

might influence the PA (optimum temperature for growth is 37 oC). VC and VV were observed in the 

upper 10 m of the water column in the coastal regions while they were gradually reduced towards 

off-shore (Fig. 9e). EC O157:H7, KP, VF and VP were not observed in the study region during 

winter. It shows pathogenic bacterial counts were not much affected by the influence of winter 

except PA, EA and VC. 
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The strong positive relationship between Chl-a and bacterial abundance suggests that Chl-a 

plays a more important role in affecting bacterial growth (Lopez-Urrutia and Moran, 2007). Salinity 

is also an important parameter and can be considered as a proxy for freshwater discharge (including 

riverine discharge and precipitation) that delivers terrestrial organic matters and nutrients to the 

ocean. Organic matters within the Pearl River discharge can significantly stimulate bacterial biomass 

and respiration in coastal waters (Zhai et al., 2005). The decrease of bacterial abundance with 

increasing depth might result from the stimulatory effect of light on bacterial growth (Mary et al., 

2008) or growth rate and excretion of dissolved organic matter of phytoplankton. It is also possible 

that grazers shift to selectively graze on heterotrophic bacteria in deeper waters as autotrophic preys 

become less abundant. Microbial community in the ocean encounter several physical and 

atmospheric events and their diversity, spatiotemporal distribution and abundance depends on several 

factors like progression of upwelling (Bergen et al., 2015, Coelho-Souza et al., 2013, Cury et al., 

2011), mesoscale cyclonic eddy (Nelson et al., 2014, Zhang et al., 2009, 2011), cyclone (Neveux et 

al., 2009), nutrients and currents (Zeigler Allen et al., 2012), winter Ekman pumping (Doolittle et al., 

2008), spring season (Larsen et al., 2004), across a river to ocean gradient (Crump et al., 2004, 

Fortunato et al., 2012), reefs, inlets and wastewater outfalls (Campbell et al., 2015).  

The abundance of TC and EF was significantly influenced by coastal upwelling, cyclone 

(Hud hud) and winter. It seems from our studies that winter and upwelling enhanced the abundance 

of TC, but the cyclone Hud hud decreased. To our knowledge, there were no reports showing the 

variations of indicator bacteria abundance and distribution in the coastal marine waters during 

different physical and atmospheric events. An earlier study by Prasad et al. (2015) during monsoon 

also shows the highest counts in the coastal waters off Visakhapatnam city as this region was highly 

influenced by several anthropogenic activities, such as the use of beaches for recreational activities, 

discharges from ships, fishery activities, domestic and industrial sewage. The abundance of these 

indicator bacteria is consistent with the studies carried out in other habitats (Aayushi et al., 2014, 

Berna and Aysu, 2014, Clark et al., 2003, DebRoy et al., 2012, Knight, 2012, Nagvenkar and 

Ramaiah, 2009, Patra et al., 2009, Ramaiah et al., 2004, Robin et al., 2012, Rodrigues et al., 2011) 

but most of the earlier studies are either single sampling (whole study or multiple years during same 

period)/confined to coast, and no seasonal variation studies were studied.  

This study suggested that there is no co-relation obtained on the effect of physical and 

atmospheric events on their abundance except that PA abundance was influenced by three different 
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physical events. Due to a sharp rise in the human settlement in the coastal zones, the surrounding 

aquatic environment, which is used for various activities such as fishing and recreation, are subjected 

to a rise in the distribution of human pathogenic microbial forms. The tendency of these bacteria 

entering the water is greater during monsoon owing to huge fresh water runoff. There are several 

potential explanations for the presence of indicator bacteria and the absence of pathogenic bacteria, 

or vice versa and there is no straight relationship among numbers of any indicator and enteric 

pathogens (Grabow, 1996). Pathogenic bacteria observed in the present study such as AH, EC 

O157:H7, EA, KP, SaT, Sh, PA, VC and VF were noticed wherever indicator bacteria observed. This 

suggests that pathogenic bacterial presence linked to the presence of indicator bacteria as both are 

coming from gut and part of the faeces, but not all faeces contain these organisms but come from 

diseased persons or carriers. Due to this reason they are not uniform in the water column. To our 

knowledge, there were no reports showing the variations of pathogenic bacterial abundance and 

distribution in the coastal waters during different physical and atmospheric events. But the 

abundance of these pathogenic bacteria is consistent with the studies carried out in other habitats 

(Aayushi et al., 2014, Araujo et al., 1991, Baffone et al., 2001, Barbieri et al., 1999, Berna and Aysu, 

2014, Clark et al., 2003, DebRoy et al., 2012, Dumontet et al., 2000, Edun and Efiuvwevwere, 2012, 

Hatha et al., 2004, Hervio-Heath et al., 2002, Jeganathan et al., 2014, Kaper et al., 1981, Keene et al., 

1994, Knight, 2012, Lokabharathi et al., 1987, Masini et al., 2007, Maugeri et al., 2006, Miyagi et 

al., 2001, Mukhopadhyay et al., 2008, Nagvenkar and Ramaiah, 2009, Nair et al., 1980, Patra et al., 

2009, Pradeep and Lakshmanperumalsamy, 1986, Ramaiah et al., 2004, Ramaiah and 

Chandramohan, 1987, Robin et al., 2012, Rodrigues et al., 2011, Seidler et al., 1980, Stine et al., 

2003, Williams et al., 2007). 

Heterotrophic viable bacterial counts during different physical events showed significant 

variations with reference to physical and biogeochemical parameters in the study region. Water 

column temperature, Chl-a, turbidity, dissolved oxygen, ammonium, silicate and pH linearly 

correlated with HBC (r2 = 0.41, 0.27, 0.36, 0.28, 0.59, 0.33 and 0.36, p < 0.001) (Table 1), as high 

amounts of these are favorable for growth. Water column salinity and TSM inversely correlated with 

HBC (r2 = -0.27 and -0.45, p < 0.001) (Table 1), as higher amounts of these negatively influence as 

the earlier will reduce the light penetration and effect photosynthesis resulting in low in-situ derived 

DOC. Turbidity and AHC linearly correlated with TCC (r2 = 0.34, p < 0.01; r2 = 0.78, p < 0.001) as 

high amounts of these are may be favorable for growth. Water column temperature, Chl-a, turbidity, 
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nitrite, nitrate and ECC linearly correlated with EFC (r2 = 0.43, p < 0.05; r2 = 0.44, p < 0.05; r2 = 

0.36, p < 0.05; r2 = 0.70, p < 0.001; r2 = 0.71, p < 0.001; r2 = 0.88, p < 0.05) (Table 1), as high 

amounts of these are may be favorable for growth. Water column temperature, salinity, Chl-a, 

turbidity, dissolved oxygen, ammonium, nitrite, HBC, EFC and KPC linearly correlated with PAC 

(r2 = 0.33, 0.51, 0.31, 0.45, 0.47, 0.61, 0.35, 0.42, 0.53 and 0.88, p < 0.001) (Table 1), as high 

amounts of these are may be favorable for growth. Ammonium and HBC linearly correlated with 

VVC (r2 = 0.74, p < 0.001; r2 = 0.51, p < 0.05) and HBC inversely correlated with VVC (r2 = -0.75, p 

< 0.001). 

 

 

4. Conclusions 

Seasonal studies during different physical and atmospheric events on the west coast of the 

Bay of Bengal reveal that physical processes, such as winter, upwelling, monsoon and cyclone have 

significant impacts on nutrient cycling and phytoplankton biomass which further impacts the 

heterotrophic, indicator and pathogenic bacterial abundance in the water column. HBC showed 

significant temporal and spatial variations along the different stations near Visakhapatnam coastal 

waters due to diverse physical and biochemical phenomena. Higher HBC was noticed during intense 

upwelling and monsoon period due to increased availability of nutrients to the phytoplankton, which 

releases high dissolved organic matter that is the source for heterotrophic bacterial growth. IB 

abundance was noticed in the entire study area during winter, upwelling and monsoon seasons and 

after the cyclone, they were confined to coastal waters only with low abundance. Both TC and EF 

were influenced by the physical and biochemical phenomena. There is no clear correlation between 

abundance of IB and the presence of PB. But in this we found a clear correlation between both as in 

all sampling points where IB presence is noticed, PB presence also noticed but it is not uniform this 

suggests that not all faeces discharged to the coastal water either land derived or due to shipping 

traffic, fishermen activities in the sea. Coliforms, as well as other potentially pathogenic bacteria, 

were detected in high numbers in the entire study region during different periods. The presence of 

AH, EC O157:H7, EA, KP, SaT, Sh sp., PA, VC and VF in the coastal waters is alarming. Pollution 

of coastal water with untreated discharges and direct discharges by large ships and fishermen 

community resulting in the flourishing enteric bacteria which leads to the quality decline of marine 
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wealth that pretence a human health menace and following a financial loss. This study reveals 

significant impacts of the physical and atmospheric forcing on the water column biogeochemistry 

and further on the phytoplankton, heterotrophic, indicator and pathogenic bacteria in the coastal Bay 

of Bengal. Further studies are required to examine how variations of such condition influence the 

coastal bacterial abundance and its impact on the other components of the ecosystem. 
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Legends to the Figures: 

Fig. 1. Sampling locations of the time-series stations, off Visakhapatnam, in the east coast of India.  
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Fig. 2. Distribution of (a to d) temperature (oC), (e to h) salinity (psu), (i to l) Chlorophyll (mg/m3) 

during four different months corresponding to winter, spring, summer and post-monsoon 

seasons in the east coast of India. 

Fig. 3. Distribution of (a to d) turbidity (NTU), (e to h) total suspended mater (g/l), (i to l) dissolved 

oxygen (µM) during four different months corresponding to winter, spring, summer and post-

monsoon seasons in the east coast of India. 

Fig. 4. Distribution of (a to d) ammonium (µM), (e to h) nitrate (µM), (i to l) phosphate (µM) during 

four different months corresponding to winter, spring, summer and post-monsoon seasons in 

the east coast of India.  

Fig. 5. Distribution of (a to d) pH, (e to h) total alkalinity, (i to l) heterotrophic bacteria counts (CFU 

ml-1) during four different months corresponding to winter, spring, summer and post-

monsoon seasons in the east coast of India.  

Fig. 6. Distribution of indicator bacteria (a to d) total coliforms (CFU ml-1), (e to h) Escherichia coli 

counts (CFU ml-1), (i to l) Enterococcus faecalis counts (CFU ml-1) during four different 

months corresponding to winter, spring, summer and post-monsoon seasons in the east coast 

of India. 

Fig. 7. Distribution of pathogenic bacteria (a to d) Aeromonas hydrophila counts (CFU ml-1), (e to h) 

Escherichia coli O157:H7 counts (CFU ml-1), (i to l) Enterobacter aerogenes counts (CFU 

ml-1) during four different months corresponding to winter, spring, summer and post-

monsoon seasons in the east coast of India.  

Fig. 8. Distribution of pathogenic bacteria (a to d) Klebsiella pneumoniae counts (CFU ml-1), (e to h) 

Salmonella typhi counts (CFU ml-1), (i to l) Shigella sp. counts (CFU ml-1) during four 

different months corresponding to winter, spring, summer and post-monsoon seasons in the 

east coast of India.  

Fig. 9. Distribution of pathogenic bacteria (a to d) Pseudomonas aeruginosa counts (CFU ml-1), (e to 

h) Vibrio cholerae counts (CFU ml-1), (i to l) Vibrio fluvialis counts (CFU ml-1) during 

winter, spring, summer and post-monsoon periods in the east coast of India. 

 

 

 

 

Table 1. Rank correlation matrix (Spearman’s rs) of biogeochemical parameters measured in off 

Visakhapatnam marine waters of east coast of India. 
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Temp Sal Chl Turb TSM DO NH4
+ NO2

- PO4
3- SiO4

4- NO3
- pH TA 

Temp 1.00    

Sal -0.28 1.00    

Chl 0.14 0.12 1.00    

Turb 0.09 0.23 0.57 1.00    

TSM -0.15 0.58 -0.01 -0.02 1.00    

DO 0.38 -0.33 0.20 0.06 -0.38 1.00    

NH4
+ 0.38 -0.24 0.08 0.19 -0.58 0.31 1.00    

NO2
- 0.03 0.46 0.37 0.37 0.25 -0.25 0.13 1.00    

PO4
3- 0.06 -0.45 -0.19 -0.14 -0.63 0.00 0.31 -0.46 1.00    

SiO4
4- 0.26 -0.40 0.15 0.09 -0.16 -0.27 0.21 0.02 0.20 1.00    

NO3
- -0.30 0.65 0.29 0.48 0.44 -0.54 -0.20 0.60 -0.36 0.04 1.00   

pH 0.30 -0.67 0.11 -0.02 -0.60 0.68 0.44 -0.24 0.35 0.09 -0.61 1.00  

TA -0.25 0.80 0.13 0.19 0.54 -0.32 -0.41 0.28 -0.38 -0.43 0.55 -0.42 1.00 

HB 0.41 -0.27 0.27 0.36 -0.45 0.28 0.59 0.10 0.18 0.33 -0.12 0.36 -0.42 

AH 0.10 -0.20 0.35 0.55 0.36 0.10 -0.49 0.18 -0.23 0.20 0.10 0.18 -0.13 

TC 0.19 0.23 0.22 0.34 0.18 -0.04 -0.08 0.19 0.04 0.02 0.19 -0.15 0.27 

EC -0.19 -0.17 -0.10 -0.02 -0.03 0.17 0.17 -0.04 0.48 -0.37 0.05 0.07 -0.20 

EC157 -0.60 0.66 0.14 0.49 -0.28 -0.57 0.13 0.33 -0.05 -0.10 0.56 -0.65 0.47 

EA -0.01 -0.34 -0.06 -0.02 -0.20 0.24 -0.07 -0.12 0.47 -0.05 -0.11 0.29 -0.27 

EF 0.43 0.49 0.44 0.36 -0.39 0.32 0.08 0.70 -0.35 -0.31 0.71 -0.17 0.35 

KP 0.40 -0.27 0.23 -0.14 -0.34 0.16 -0.05 0.67 0.23 -0.36 -0.10 0.40 -0.21 

P 0.33 0.51 0.31 0.45 0.02 0.47 0.61 0.35 -0.13 -0.36 0.13 0.12 0.35 

Sa 0.08 -0.05 -0.53 -0.12 0.41 -0.19 -0.23 -0.80 0.15 0.77 0.14 0.09 -0.18 

Sh 0.25 -0.25 -0.54 0.40 -0.04 -0.25 0.06 -- 0.55 -- 0.26 0.27 -0.41 

V 0.24 -0.15 0.38 -0.13 -- 0.26 0.44 0.38 -0.12 -0.02 -0.29 0.18 0.32 

VC -0.49 -0.40 0.01 0.22 -0.52 0.38 0.74 -0.23 0.52 -0.35 -0.07 0.19 -0.75 

VF 0.21 -0.32 0.95 0.63 0.95 0.63 -0.74 0.87 -0.74 0.32 1.00 0.95 0.32 

VV -0.49 -0.40 0.01 0.22 -0.52 0.38 0.74 -0.23 0.52 -0.35 -0.07 -- -- 
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Table 1 contd. 

HB AH TC EC EC157 EA EF KP P Sa Sh V VC VF VV 

HB 1.00        

AH 0.26 1.00        

TC 0.06 0.78 1.00        

EC -0.03 -0.50 0.21 1.00        

EC157 0.20 -1.00 0.45 -0.39 1.00        

EA 0.07 -- 0.40 1.00 -0.39 1.00        

EF -0.01 -- 0.03 0.88 -- 0.13 1.00        

KP 0.41 -- -0.87 -- -- -- 0.00 1.00        

P 0.42 0.00 0.26 0.24 0.48 0.00 0.53 0.88 1.00       

Sa -0.15 -- -0.72 -- -- -- -- -- -0.04 1.00      

Sh 0.03 -- -0.40 -- -- -- -- -- 0.04 1.00 1.00     

V -0.03 -- 0.74 -- -- -0.87 -0.03 -- 0.27 -- -- 1.00    

VC 0.51 -0.50 -0.19 0.38 -0.35 0.38 0.26 -- 0.26 -- -- -- 1.00   

VF 0.11 0.63 0.50 -- -- -- -- -- -- -- -- -- -- 1.00  

VV 0.51 -0.50 -0.19 0.38 -0.35 0.38 0.26 -- 0.26 -- -- -- 1.00 -- 1.00 

TEMP, temperature; SAL, salinity; CHL, chlorophyll; TURB, turbidity; TSM, total suspended 

mater; DO, dissolved oxygen; NH4
+, ammonium; NO2

-, nitrite; PO4
3-, phosphate; SiO4

4-, silicate; 

NO3
-, nitrate; TA, total alakalinity; HB, heterotrophic bacterial; AH, Aeromonas hydrophila; TC, 

total coliform; EC, Escherichia coli; EC157, Escherichia coli O157:H7; EA, Enterobacter 

aerogenes; EF, Enterococcus faecalis; KP, Klebsiella pneumonia; PA, Pseudomonas aeruginosa; 

SaT, Salmonella typhi; Sh, Shigella; V, Vibrio; VC, Vibrio cholerae; VF, Vibrio fluvialis; VV, Vibrio 

vulnificus. 

*** P < 0.001 (Bold); ** P < 0.01 (Underline); * P < 0.05 (Italic). 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 




