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Introduction
Fresh water is a finite resource essentially required for the 

existence of life on earth. Without its adequate quality and 
quantity sustainable development is not possible. The extents of 
human activities that influence the environment have increased 
dramatically during past decades. The general pattern of decreased 
prey consumption and/or feeding behaviors by fish at low dissolved 
oxygen concentrations has been seen for a wide range of marine, 
estuarine, and freshwater fishes [1]. Findlay and Kasian [2] and 
Kramer [3] demonstrated the importance of direct and indirect 
effects of excess nutrient loadings on the individual, population, 
and community. Breitburg [4] showed that low dissolved oxygen 
can directly affect nearly every aspect of predator–prey interactions, 
including encounter rates, percentage of time spent foraging, 
foraging location, attack rates, and behaviors of prey that influence 
their susceptibility to predation. Oxygen availability can limit 
activity of fishes even at saturation as the interaction of physical and 
biological processes often reduce DO level below saturation, oxygen 
is appropriately considered a resource in the sense of ecologists 
like [5,6]. All fishes are capable of water breathing, although 
their effectiveness at it, in terms of maximal rates of uptake and 
minimal levels in which they can still meet a given requirement, 
varies widely. Kramer [3], showed that a significant minority of 
fishes is also capable of air breathing and is therefore categorized 
as ‘bimodal breathers’, although they do not necessarily use both 
modes simultaneously. It is among the most widely introduced 
fish species worldwide, and a number of countries have reported 
negative environmental consequences in the wake of mosquito fish 
introduction [7].

The reduction in the fish species is because of the alteration in 
water quality due to point and non-point source loadings in the 

river. Dissolved oxygen is used by the fishes for respiration and 
CO2 is discharged as waste product of metabolism. The decreased 
oxygen concentration in water below a certain limit and an increase 
in CO2 tension in the medium results an unfavorable condition for 
fish life. They either migrate to the other region in the river where 
the DO level is suitable or they show mortality. Their migration 
to other regions also possesses threat on them, as they face more 
competition, predation risk, catching risk.

In this study we adopt the approach of QUAL2K model based 
on Streeter Phelep equation in the modeling of dissolved oxygen 
throughout the 200 km stretch of Tungabhadra. A database is 
prepared showing the tolerance level (Dissolved Oxygen, pH, 
Temperature) of fishes occurring in Tungabhadra. The study shows 
how the change in the point source loading affects the water quality 
in the river stretch specifically DO level and how this changed level 
affects the spatial distribution of the fishes inhabiting the stretch. 
On the basis of the database and the DO model of the river, the 
spatial distribution of fish species in the stretch is assessed.

Methodology
Study site 

The study area includes 200 km stretch of River Tungabhadra, a 
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Abstract
Rivers and streams have always been the major sources of drinking water for various villages and towns of 

developing and developed countries. India has number of rivers supplying water throughout the year. The concept 
of setting industries near rivers solves the problem of waste disposal. Since decades, many industries are disposing 
their waste water in rivers. This trend has reached to such an extent that it is adversely affecting the biological, 
chemical and physical aspects of the river. Heavy Discharge of effluents and sewage in a river may cause the 
degradation of water quality. The most important factor required for the life to exist in water is Dissolved Oxygen. 
An optimum amount of dissolved oxygen i.e., 6 mg/l is required for the healthy growth of ecosystem. In order to 
study how the effluent and sewage discharge affects the aquatic life and the spatial distribution of fish species, 
Dissolve Oxygen is simulated throughout the river using QUAL2K. The simulated model is then used to locate the 
indicator species on the river on the basis of dissolved oxygen level. Various hypothetical cases of effluent flow and 
the effluent loads are taken. Various hypothetical simulations are prepared showing the spatial distribution of fish 
species and DO level in the river stretch. These models are then compared among each other. The comparison 
reveals how the spatial distribution and species diversity of some fish species is varying with the variation in the 
effluent load and flow in the river. The best model containing maximum diversity of fish species is selected and the 
corresponding effluent discharge corresponding is considered to be the optimum.
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peninsular river formed by the confluence of two tributaries of river 
Krishna, Tunga and Bhadra. The river stretch is used to study the 
impact of water quality due to point source discharge on the spatial 
distribution of fish species along the stretch. Dissolved Oxygen is 
considered as the major limiting factor for their spatial distribution. 
The river stretch receives 8 effluent and sewage discharges from 
the industries and cities nearby. As shown in the Figure 1, the 
Bhadra receives 2 effluent discharges and a sewage discharge from 
Vishweshwaraya Steel and Iron Limited (VISL) and Mysore Paper 
Mills (MPM) and Bhadravathi city, respectively. Shimoga city 
sewage has been discharged in Tunga. The confluence of Tunga 
and Bhadra forms Tunga-Bhadra, It further flows downstream 
and receives sewage from cities like Honalli, Harihar, Byladahalli 
and Devanagere. The two important indicators of health of water, 
zooplanktons and dissolved oxygen are considered in this study.

 Adholia [8] said that High value of COD and BOD indicates 
high degree of organic pollution. Increasing trend of BOD and 
decreasing trend of DO at Bhadravathi site clearly indicates the 
increasing load of pollution in the stream. The pH at Bhadravathi 
site shows the acidic nature of water [9].The lowest DO level (5.67 
mg/L) was recorded at Bhadravathi [10]. Surface water temperature 
is responsible for distribution of plankton [11]. Kumara [12] said 
that, Mining and quarrying activities, along the bank of the river 
Bhadra at Bhadravathi, the Mysore Paper Mills and Vishweshvarayya 
Iron and Steel Industries have resulted in decreased depth and 
increased siltation. The river has two other tributaries, Kumadavati 
and Haridra They join Tunga-Bhadra River from west and east 
directions at a distance of 84 and 124 km downstream of the junction, 
respectively. A study by Karnataka State Pollution Control Board 
[13] has highlighted pollution as result of dumping of agricultural 
residues/pesticides at Balehonnur in 2005 where ginger is the major 
crop grown which uses huge amounts of pesticides. Manjappa 
[14] estimated that around 15 villages in the area from Bhadravati 
to Kudli have been affected by industrial pollution. The study 

conducted by Suresh [15], considered certain biological species, 
both phytoplanktons and zooplanktons, also known as the bio-
indicators, were found only in certain zones of Tunga-Bhadra River, 
depending on the quality of the river water. Thus, six zones were 
located along the 30-km long river bank starting from Harihar town 
to its stream to the Sarathi Halla, near Dittur village. Shahnawaz 
[10] recorded only six fish species in Bhadra, They are Labeo 
calbasu, Osteo bramaneilli, Ompokbi maculatus, Clarias batrachus, 
Heteropneustes fossilis, and Oreochromismoss ambica. Fast-growing 
Indian major carps are the prominent commercial fishes [16]. Babu 
[17] stated that, the State has promoted fast-growing Indian major 
carps like Catla catla, Labeo rohitaand Cirrhinus mrigala [18], and 
exotic fish like Cyprinus carpio, Hypophthalmichthys molitrix and 
Ctenopharyngodon idella, resulting in the decline of native fish 
population comprising Labeo, Cirrhinus, Puntius, Catfish, Murrels, 
etc [19]. The project report on the Bio – Mapping of major rivers 
in Karnataka carried out by Karnataka State Pollution Control 
Board (KSPCB) in 2006-07 [20] shows that there is change in the 
environmental quality of Tunga, Bhadra and Tunga-Bhadra rivers. 

The manual readings of the water quality parameters at different 
locations on the stream can act as database for their simulation 
throughout the stream. Various mathematical models are given to 
determine the value of parameter (Dissolved Oxygen) at a particular 
point in the stream. These models correlate the physical parameters 
(depth, width, slope of the river bed, temperature) and water quality 
parameters (CBOD, DO, pH, alkalinity). Quantitative techniques 
started to be used to assess the impacts of pollutants on the river 
systems in 1925 when Streeter and Phelps developed a model 
for simulating DO in the river systems kannel [21]. Chapra [22] 
described a mathematical model as an idealized formulation that 
represents the response of a physical system to external stimuli. 
While similarly, [23] described a water-quality model as anything 
from a simple empirical relationship, through a set of mass balance 
equations, to a complex software suite in which a user can simulate 

Figure 1: Schematic diagram of Tunga Bhadra.
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Figure 2: Monthly variation in density of phytoplankton ( Ind×102 /L) at 
Saderkot, Wular lake during March 2011 to Feb 2012.

water quality in streams and rivers by supplying physical and 
chemical data. Chapra and Pelletier [24] Developed QUAL2Kw, 
A framework for the simulation of water quality in streams and 
rivers, this framework includes a genetic algorithm to facilitate the 
calibration of the model in application to particular water bodies. 
It is used to find the combination of kinetic rate parameters and 
constants that results in a best fit for a model application compared 
with observed data. The study utilizes QUAL2K framework to 
simulate the water quality parameters (DO, BOD and Temperature) 
[25] throughout the river stretch. In order to predict the status of the 
water on the basis of ecology there, it has become very important to 
correlate the hydrology and biology of that area. The interaction of 
water quality with biological parameters gives the broader idea of 
the water quality and its effects [26]. 

Study design

The 200 km stretch of Tunga-Bhadra was divided into 16 reaches 
of different length on the basis of manning roughness coefficient, 
bed width and longitudinal slope. The Table 1 gives description of 
each reach.

This study deals with the interaction among biological 
parameters which includes indicator fish species and the hydrological 
parameters. To study the impact assessment for river faunal ecology 
in the river using hypothetical point source loading scenarios. The 
water quality parameters determined by laboratory techniques 
at various locations along the river can be used as database in the 
simulation of water quality parameter at any particular location 
along the river, without using laboratory techniques and field work. 
For this purpose QUAL2K, a mathematical model is used. Hence, 
water quality modeling is proved to be an efficient and less time 
consuming way. The primary water quality variables affected by 
point source loading are DO, BOD, CBOD, pH and Temperature. 
The surface variables input to a water quality model are stream 
flow, water temperature and point source loadings are considered 
for the data analysis. In order to find the spatial distribution of fish 
species along the river stretch, the water quality variables are related 
to the tolerance aspect of the various fish species. On the basis of 
the present scenario of the point source inflow, loading, stream flow 
and temperature at the significant point and the available data, the 
water quality parameters were simulated throughout the river. This 
was done with the help of QUAL2K, developed by the United States 
Environmental Protection Agency (USEPA).QUAL2K is based on 
Streeter-Phelps equation. 

Biochemical oxygen demand

BOD is the amount of oxidizable organic matter in the sample. 
On the basis of mass balance equation, BOD model for a stream can 
be written as:  

r
dL dLU k L
dt dx

= − −

L= loading in mg/L; U= Velocity (m/s); kr = total removal rate; 

In case of complete mixing at the location of discharge, an initial 
concentration Lo can be calculated as the flow weighted average of 
the loading (subscript w) and the BOD in the river upstream of the 
discharge (subscript r) 
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 Qw= Flow rate of point source (m3d-1); Qr= Flow rate of river 
(m3d-1); 

Lw= BOD of point source (mg/L); Lr= BOD loading of stream 
(mg/L)

The Lo (initial concentration) can be used to simulate the BOD 
at any point on the river by solving the equation: 

0
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 Thus, BOD is reduced by decomposition and settling as it is 
carried downstream.

Mass balance for DO can be written as 

( )d a s
doV k VL k V o o
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= − + −

 Where, os is the saturation DO. To simplify the oxygen balance 
variable dissolved oxygen deficit, D, is introduced.

Point- Source Streeter- Phelps equation: 

For modeling of a stream with a single point source of BOD, the 
reach is at steady state and characterized by plug flow with constant 
hydrology and geometry. The simplest manifestation of the classic 
of Streeter- Phelps model is:  
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 ka= assimilation constant; kr = reaeration constant

Streeter-Phelps equation is the basis of modeling of the DO and 
BOD in streams. Various models like QUAL2E and QUAL2K are based 
on this equation (Figure 2). Table 1: Reach Details	Source: Karnataka Pollution Control Board  [13].

Point Source Inflow (m3/s) Temperature 
(°C)

Dissolved 
Oxygen (mg/L)

CBOD 
(mg O2/L)

MPM 0.868 24.63 7.30 399
Bhadravathi 0.308 25.43 5.60 15

VISL 0.0579 25.40 5.55 275
Shimoga 0.436 30.85 2.00 15
Honalli 0.024 31.13 2.00 15

Harihara 0.129 31.09 2.00 15
HPF 0.5093 27.44 6.76 15

Davangere 0.867 31.80 2.00 15
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varies between 4.99 to 7.50 mg/L. The oxygen concentration in initial 
reaches (1 to 5), is near 6 mg/L, but shows a decreasing trend from 
downstream of reach 5, the minimum level of DO is found between 
reach 6 and downstream of reach 7, and this zone is considered as 
critical zone. The health status of water in these areas is not so good, as 
the fresh water DO varies from 8 to 15 mg/L [28]. The point sources in 
these reaches are Shimoga and Honalli, the reach 3 is carrying the BOD 
load from Bhadravati, VISL and MPM are also joining the reach 5. The 
DO level raises upto 7mg/L in reach 9 and varies between 7 and 7.5 
mg/L along the reaches downstream 8 to 15. 

As per the Figure 5, shows the spatial distribution of fish 

 Figure 3: Distribution of the species [18,19,29-31].

Coming to the biological aspect of the study, the species data 
found in Tunga-Bhadra is collected from the literature available. Their 
tolerance value in terms of dissolved oxygen is surveyed from the 
literature available. In the Figure 3 below they are placed opposite to 
their corresponding DO values. 

The detail of the effluent load and inflow rate is taken from Rehana 
and Mujumdar [27], is considered as standard. In order to obtain a 
DO curve throughout the river stretch, the collected data is used as an 
input in the available software QUAL2K for the simulation of Dissolved 
Oxygen, CBOD and temperature. 

On the basis of simulated levels of dissolved oxygen, the 16 Reaches 
are divided into 3 zones: Zone 1; DO = 6, Zone 2(critical zone); DO 
< 5, Zone 3; DO > 6. We have taken six hypothetical cases, in which 
the inflow rate and effluent load is varied in every case, the DO curve 
obtained is analyzed and used for the biological comparison, by 
keeping the fish species icon in their corresponding tolerance value 
zone. Fish species are indicated through their pictures in the model. 
The distribution of the species is indicated on the map with the help of 
Map Info.

Result and Analysis
The DO simulation model along Tunga-Bhadra is shown in 

Figure 4, based on the present given data in Table 2 is considered as 
the standard model. 

According to the simulated model the level of Dissolved Oxygen 

Figure 4: Dissolved Oxygen Model .
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species; Reach 1 to 4 comes under zone 1, where DO level is near 
6 mg/l. 15 species of fish are found commonly in this zone 1. The 
species capable of tolerating a maximum oxygen concentration of 
6 mg/L are Barilius canarensis, Catla catla, Labeo rohita , Labeo 
fimbriatus, Hypophthalmichtys molitrix, Ctenopharyngodon idella, 
Glossogobiusgiuris, Gambusia affinis, Esomus danricus, Osteochilu 
snashii, Tor khudree, Clarius batrachus, Walaga attu, Mystus seenghala, 
Channa species), while downstream of reach 4 to 7 have maximum 
oxygen concentration as 5 mg/L comes under critical zone. This zone 
contains only 5 fish species, these fish species are generally adapted 
to low oxygen concentration >3.5 mg/L and feed upon the insects 
like May fly, Rotifers and their larvae occurring in this zone and are 
generally referred as cleaning fishes. The five species occurring in this 
zone are (Hypophthalmichtys molitrix, Ctenopharyngodon idella, Glosso 
gobiusgiuris, Gambusia affinis, Esomus danricus).Whereas, Zone 3 
constitutes Reaches from 8 to 16. The DO level in this zone is above 
7mg/L and supports the maximum number of species. The four native 
species (Biota striata, Balitora mysorensis, Puntuis pulchellus, Mystus 
keletius) in Tunga-Bhadra are only found in this zone, as these species 
are very specific to the oxygen concentrations. Along with them, the 
other species Garra mullya, Osteochilusnashii, Barilius canarensis, 
Puntiu sarulius, Rasbora daniconius, Parambassisranga also occur in 
this zone, the species inhabiting zone 1 are also common in this 
zone, as this zone have healthy water to support more diverse life.

Case 1

The effluent load at every point source is increased by 200 mg/L, 
keeping the inflow rate same as in present scenario. According to the 
simulated model the level of DO varies between 4.30 to 7.50 mg/L 
(approx). The oxygen concentration in initial reaches (1 to 4), is near 
6 mg/L, but shows a decreasing trend to the downstream of reach 4, 
critical zone lies between reach 4 mid-stream and reach 8 upstream, 
where minimum level of DO (5 mg/L – 4.30 mg/L) is found. The DO 
level rises up to 7mg/L in reach 9 and varies between 7 and 7.50 mg/L 
between reaches 9 to 15. The fish species as described in standard 
model are found in their respective zones. The only difference is that, 
the critical zone has expanded (from reach 5 midstream to reach 
8 upstream), as shown in (Figures 6 and 7) the migration of the fish 
species to the reaches having higher oxygen concentration and their 
disappearance from their initial habitat is observed on increasing the 
load on the stream. 

Case 2

The inflow at every point source is increased by 2 m3/s; the level 
of Dissolved Oxygen varies between 2 to 7.25 mg/L, minimum level 
of DO (5 - 2 mg/L) is found between reach 4 and reach 8 downstream 
(Figures 8 and 9). The migration of the fish species to the reaches having 
higher oxygen concentration and their disappearance from their initial 
habitat is observed on increasing the effluent flow in the stream. The 
disappearance of highly sensitive native species is very prominent in 
the model.

Case 3

Both the effluent load and the inflow of every point source were 

Figure 5: Spatial distribution of fish species.  

Figure 6: Dissolved Oxygen Model .

Figure 7: Spatial distribution of fish species.

Table 2: Details of Point Sources in TungaBhadra (Present Scenario); Source: 
Karnataka Pollution Control Board(2011) [13].

Reach Number Reach Length 
(Km)

Channel 
Slope

Manning roughness 
Coefficient (n)

Bed 
Width

(m)
1 4 0.001660 0.0492 61.85
2 3 0.001660 0.0492 61.85
3 20 0.001660 0.0492 61.85
4 20 0.000270 0.0492 138.03
5 20 0.000062 0.0905 162.15
6 20 0.000062 0.0905 162.15
7 10 0.000062 0.0905 162.15
8 14 0.000062 0.0905 162.15
9 20 0.000062 0.0905 162.15

10 2 0.000124 0.1235 23.28
11 16 0.000062 0.0905 162.15
12 2 0.000062 0.0905 162.15
13 12 0.000062 0.0905 162.15
14 2 0.000062 0.0905 162.15
15 19 0.000062 0.0905 162.15
16 20 0.000062 0.0905 162.15
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increased by 200 mg/L and 2 m3/s, respectively. the level of Dissolved 
Oxygen varies between below 1 mg/L to 7.25 mg/L, minimum 
level of DO (below 1 to 5mg/L) critical zone is found between reach 
3 downstream and Reach 8 downstream. The hypoxic conditions are 
developed at reach 6 midstream, where DO have reached below 1 mg/L, 
in such hypoxic condition fishes have disappeared while the protozoan 
and copepods have taken their place (Figures 10 and 11). In regions 
of oxygen concentration of 3-5 mg/L, only cleaning fishes, rotifers, 
copepods, and meroplanktons can be seen. The migration of the fish 
species to the reaches having higher oxygen concentration and their 
disappearance from their initial habitat is observed on increasing both 
the effluent flow and the BOD level in the stream. The disappearance of 
the native species throughout the stretch is very prominent. 

Case 4

The effluent load was reduced keeping the inflow rate same as 
in present situation. According to the simulated model the level 
of Dissolved Oxygen varies between 5 mg/L to 7.5 mg/L. The 
critical zone has disappeared because no reach has DO level less 
than 5. the reduction in the BOD load in the stream has caused the 
disappearance of critical zone and the microorganisma inhabiting 
there.The fish species as described in standard model are found in 
their respective zones. The native species have returned to their 
habitat and have increased their area of living from reach 8 to reach 
16. Therefore the diversity of the fish species has increased on 
decreasing the load in the river (Figures 12 and 13).

Figure 8: Dissolved Oxygen Model. 

Figure 9: Spatial distribution of fish species.  Figure 11: Spatial distribution of fish species.  

Figure 13:  Spatial distribution of fish species  

Figure 12: Dissolved Oxygen Model.

Figure 13: Spatial distribution of fish species.

Figure 10: Dissolved Oxygen Model. 
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Case 5 

The inflow at every point source is reduced keeping the effluent 
loading same as in present scenario. The level of Dissolved Oxygen 
varies between 5 mg/L to 7.5 mg/L. The reduction in the effluent 
flow in the stream has caused the disappearance of critical zone and 
the microorganisms inhabiting there as shown in Figures 14 and 15. 
The fish species as described in standard model are found in their 
respective zones. The native species have returned to their habitat 
and have increased their area of living from reach 8 to reach 16. 
Therefore the diversity of the fish species has increased due to the 
decrease in the point source inflow along the river.

Case 6

Both the effluent load and the inflow of every point source are 
reduced to certain extents as shown in the Table 3. According to the 
simulated model the level of Dissolved Oxygen varies between 5.5 
mg/L to 7.5 mg/L. The critical zone has disappeared as there is no 

reach with DO level less than 5 mg/L. DO levels which represents 
the status of health of the Tunga-Bhadra river for Case 6 and this 
is sufficient to support the maximum diversity of fishes, it also 
shows that, the reduction in the effluent flow and the BOD load 
in the stream has caused the disappearance of critical zone and 
the microorganism inhabiting there. The fish species as described 
in standard model are found in their respective zones. The native 
species have returned to their habitat and have increased their 
area of living from upstream of reach 8 to reach 16. Therefore the 

Table 3: Details of Point Sources in Tunga-Bhadra in Case 6.

Point Source Inflow (m3/s) Temperature 
(°C)

Dissolved 
Oxygen (mg/L)

CBOD (mg 
O2/L)

MPM 0.568 24.63 7.30 199
Bhadravathi 0.008 25.43 5.60 2

VISL 0 25.40 5.55 179
Shimoga 0.136 30.85 2.00 2
Honalli 0 31.13 2.00 2

Harihara 0 31.09 2.00 2
HPF 0.209 27.44 6.76 2

Davangere 0.567 31.80 2.00 2

Figure 14: Dissolved Oxygen Model. 

Figure 15: Spatial distribution of fish species.  

Figure 16: Dissolved Oxygen Model. 

Figure 17: Spatial distribution of fish species.  

Figure 18: Schematic representation of spatial distribution of fish species 
along the stretch.
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diversity of the fish species has increased due to decrease in the load 
and effluent flow in the river (Figures 16 and 17).

Conclusion
In the present situation the maximum diversity of fishes is 

limited to reach (7 downstream to 16) and the critical zone is between 
reach 6 and downstream of reach 7. On increasing the effluent load 
or flow rate or both, the critical zone expands and the diversity of fish 
reduces. The species which are highly sensitive to the DO concentration 
will die or migrate to the region having higher oxygen concentration. 
While on decreasing the effluent load or flow rate or both, the dissolved 
oxygen level will increase and the critical zone decreases or completely 
vanishes, indicating that the water quality is improving. The fish 
diversity will increase throughout the stream and the ecology of the 
river will not be harmed. Therefore, from the study it is concluded that 
fish species highly depends on dissolved oxygen in water, higher the 
concentration of oxygen in water higher will be the fish species diversity 
in that zone (Figure 18).

The effluent discharge also plays an important role in limiting the 
fish species diversity and its spatial distribution in the stream. Dissolved 
oxygen acting as limiting factor for the fish survival, is highly influenced 
by the point source loading in the stream. In order to preserve the fish 
species diversity in the river, the effluent discharged in the stream 
should be reduced (Figure 19). 
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