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1. INTRODUCTION 

Water being a prime natural resource, has many surprising properties that are important 

to life and it covers three fourth of earth’s surface. Quality water is vital to the social, health and 

economic wellbeing of all people. Although they contain only about 0.0001% of the total amount 

of water in the world at any given time, rivers are vital carriers of water and nutrients to all areas 

around the earth. They are critical components of the hydrological cycle, acting as drainage 

channels for surface water. The world’s rivers drain nearly 75% of the earth’s land surface.  

Rivers are vital and vulnerable freshwater ecosystems that are critical for the sustenance of all 

life. However, the declining water quality of these ecological systems threatens their 

sustainability and is therefore a matter of serious concern. Rivers are waterways of strategic 

importance across the world, providing main water resources for domestic, industrial and 

agricultural purposes (Jain, 2009). River, as the source of the social development, is the most 

active part of the topographic process and ecosystem (Mmopelwa, 2006).  Rivers and streams are 

characterized by flowing waters and are called lotic systems. Usually rivers and streams have a 

one-way downhill flow and in these lotic environments, flow rate is of prime importance in 

determining the nature of plant and animal community (Osborne, 2000). Lotic  environments  

have  been  described  as  having  four  dimensions:  a  longitudinal dimension  with a 

pronounced zonation  of chemical,  physical  and biological  factors;  a lateral  dimension  

involving  exchanges  of  organic  matter,  nutrients  and  biota  between the  stream  channel  

and  the  adjacent  floodplain;  a  vertical  dimension  consisting  of  a hydraulic  connection  
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linking  the  river  channel  with  groundwater;  and  a  fourth dimension of time which pertains 

to the velocity of the water flow. The run off rivers are wide and shallow in summers; as a result, 

water velocities are low.  These low velocities allow the accumulation of fine silt and sand to the 

substrate. Rivers are not merely channels that transport water; they are complex ecological 

systems, which interact with their drainage basins collecting water, nutrients and organic matter  

from them  and  re-distributing  these  to  the  downstream.  They support large biological 

diversity, support the humans and their activities and provide several services that no other 

ecosystems can (McCarteny, 2007).  

The river ecosystem is formed by the interaction between river biota and their hydro-

geochemical environment.  It is characterized by the continuous transport of various substances,  

such  as organic  matter  and  the  nutrients,  from  the  soils  of  the drainage  basin  to the  river 

and from  there, downstream  with the  flowing water. River ecosystems are adapted to the  

natural  hydrological  regime  and  many  components  of these  systems  rely  on  floods  for  the  

exchange,  not  just  of  water,  but  also  energy, nutrients,  sediments  and living  organisms  

(Acreman,  2000). River ecosystem contains many other smaller types of ecosystems, including 

many of that which does not lie within the open-water channel.  River ecosystem is also unique  

in  that  they  are  relatively  small volume,  but  open,  ecosystems  with  high  rates  of  energy  

throughout.  Therefore, understanding a river ecosystem is clearly a challenging and complicated 

task.  

Nagaland is dissected by a number of seasonal and perennial rivers and rivulets. The major rivers 

of Nagaland are Doyang, Dikhu, Dhansiri, Tizu, Tsurong, Nanung, Tsurang or Disai, Tsumok, 
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Menung, Dzu, Langlong, Zunki, Likimro, Lanye, Dzuza and Manglu. All these rivers are 

dendritic in nature. Of the rivers, Dhansiri, Doyang and Dikhu flow westward into the 

Brahmaputra. The Tizu River, on the other hand, flows towards east and joins the Chindwin 

River in Burma. 

Dikhu River is one of the most prominent rivers of Nagaland. River Dikhu, which has a 

total length of about 160 km, originates from Nuroto Hill area in Zunheboto district. The river 

flows across the Mokokchung and the Longleng districts. The main tributaries of river Dikhu are 

Yangyu of Tuensang district and Nanung in the Langpangkong range in Mokokchung district. 

The Dikhu River is one of the tributaries of Brahmaputra, one of the mightiest rivers of India. 

The Dikhu River is not only a prime tourist attraction, but also a significant source of livelihood 

for the people. The water makes the area around the river fertile. Since Longleng is primarily an 

agricultural district, the Dikhu River serves as a lifeline to its people.  

 

1.1. Water quality parameters 

The term “Water quality” refers for the physical, chemical and biological parameters of 

water and all these characteristics directly or indirectly influences the survival and production of 

aquaculture species (Boyd, 1998).The seasonal variation in the ecological parameters exerts a 

profound effect on the distribution and population density of both animal and plants (Odom, 

1971). The physical and chemical characteristics of water are important parameters as they may 

directly or indirectly affect its quality and consequently its suitability for the distribution and 
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production of fish and other aquatic animals (Moses, 1983). The physical and chemical 

limnology of a river is characterized by hydrologic impact, autogenic nutrient dynamic and 

biological aspects. These factors were used to determine the water quality and consequently 

community of the river (Mustapha and Osmotrosho, 2005; Sidnei et al., 1992).  

The seasonal variations in physico-chemical factors have a profound effect on the 

distribution and population density of both fauna and flora (Mahboob, 1986, 1988 b, 1989 a; 

Mahboob & Sheri, 2001). Temperature measurements occupy a central position in limnology and 

one of the most important and essential parameters of aquatic habitats because almost all the 

physical, chemical and biological properties are governed by it. It influences the oxygen contents 

of water quantity and quality of autotrophs, while affecting the rate of photosynthesis and also 

indirectly affecting the quantity and quality of heterotrophs (Barnabe, 1994).  

 

Animals are stressed when temperature changes rapidly, because there is not enough time 

for physiological adaptation (Boyd, 1998). The intensity and seasonal variation in temperature of 

water directly affect the productivity of rivers. All organisms including fish possess limits of 

temperature tolerance and the seasonal fluctuation of temperature influences the feeding habits of 

the fish. Water temperature has direct relationship with phytoplankton population (Devika et al., 

2006). The temperature of about 35ºC is generally considered as maximum for survival of 

aquatic life. The temperature of water in a river changes with the seasons and often varies with 

depth. During spring and summer, the sun warms the upper layer of the waters. As the sun 

continues to warm the river surface, the temperature differences increase between the surface and 
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deeper waters. Water temperature plays a driving role in most physicochemical processes in 

rivers (Fang and Stefan, 1999).  

Turbidity or suspended solids is the measurement of inhibition of light passing through a 

water sample (Landau, 1992). Turbidity is the name given to the clarity of water which is 

affected by the amount of the suspended solids in it and turbidity reduces the light penetrating 

depth, and hence, reduces the growth of the plants (Landau, 1992). Turbidity by plankton is 

harmful to fish adaptations in water bodies due to the lack of biological oxygen demand. The pH 

expresses the acidity or alkalinity of water which is determined by means of hydrogen ion (H+) 

and the hydroxyl ion (OH-) in water. Hydrogen ion concentration plays an important role in the 

biological processes of almost all aquatic organisms (Welch, 1952). Waters of around pH 7 are 

called as neutral. The seasonal variation in pH is mainly affected by temperature, salinity, 

carbonate and bicarbonate system rather than the photosynthetic activity of the primary 

producers (Ezz El-Din, 1990). During day light, aquatic plants usually remove the CO2 from the 

water quickly and pH increases. At night, carbon dioxide accumulates and pH declines in water 

bodies. The magnitude of daily fluctuation and pH depends on the buffering capacity total 

alkalinity of water and rates of photosynthesis respiration (Boyd, 1998).  

Specific conductivity can be utilized as a rapid measurement of dissolved solids and is 

useful in monitoring waste streams and conducting field water quality studies (Frank et al., 

1994). The level of conductivity in water gives a good indication of the amount of joinable 

substances dissolved in it, such as phosphate, nitrate and nitrites. Conductivity of the natural 

water is directly proportional to the concentration of ions. Distilled water has a conductivity of 



6 
 

about 1μmhos/cm, while natural water normally has conductivity of 20-1500 μmhos/cm (Boyd, 

1998). Conductivity is a good and rapid method to measure the total dissolved solids and is 

directly related to total solids (Mishra and Saksena, 1993). The variation in electrical 

conductivity of the water depend on the climate, seasonal variation, soil source, geological origin 

and the content of the ionic salts such as calcium, magnesium etc. (Wetzel,1983). The 

conductivity of the inland water should range between 150 to 450 μs/cm to flourish flora and 

fauna in waters (Ellis, 1937).  

Total dissolved solids refer to dissolved matter in water. They are very useful parameters 

describing the chemical constituents of the water and can be considered as a general of edaphic 

relations that contribute to productivity within the water body (Goher, 2002). Higher the value of 

dissolved solids, greater will be the amount of ions in water. Total dissolved solids indicate 

organic and inorganic matter in the sample. It is aggregated amount of the entire floating 

suspended solids present in water sample. A high concentration of dissolved solids increases the 

density of water, affects osmoregulation of fresh water organisms, reduces solubility of gases 

and utility of water for drinking, irrigational and industrial purposes (Boyd, 1998).  

Oxygen content is important for direct need of many organisms and affects the solubility 

and availability of many nutrients and therefore the productivity of aquatic ecosystem (Wetzel, 

1983). Dissolved oxygen in water is of great importance to all aquatic organisms and is 

considered to be the lone factor which to a great extent can reveal the nature of whole aquatic 

system. It is important in the production and support of life. It is also necessary for the 

decomposition and decaying of organic matter. This parameter can be used as an index for net 
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production (Heyman, 1983). Dissolved oxygen concentration more than 5.00 mg/l favors good 

growth of flora and fauna (Das 2000). Thus, the dissolved oxygen varies greatly from one water 

body to other. In summer season dissolved oxygen decrease due to increased temperature of 

water (Naz and Turkmen 2005) and dissolved oxygen has primary importance in natural water. 

In all dissolved gases, oxygen plays the most important role in determining the potential 

biological quality of water. It is essential for respiration, helps the breakdown of organic detritus 

and enables completion of biochemical pathways (Boyd, 1998). Dissolved Oxygen has been 

attributed a great significance as an indicator of water quality especially the magnitude of 

eutrophication. Dissolved Oxygen in water depends mainly upon temperature, concentration of 

dissolved salts, wave action, velocity of wind, pollution load, photosynthetic activity, and 

respiration rate by organisms (Ganapati, 1943; Reid, 1961; Zutshi & Vass, 1978).  

Chlorides occur naturally in all types of water. In natural fresh waters, however, their 

concentration remains quite low and generally less than that of sulphate and bicarbonate. High 

concentration of chloride in water is considered to be the indicator of pollution especially due to 

higher organic waste of animal origin or industrial effluents. Higher chloride content is due to 

contamination through large quantity of sewage input. Higher concentration of chloride in water 

is an indicator of eutrophy (Kausik, 1992). 

The nitrate and phosphate are two important constituents that immensely help in the 

growth of plants. If they are present in the river they excessively promote the growth of aquatic 

weeds and pollute our aquatic resources. Presence of nitrate in water indicates the final stage of 

mineralization (Nema et al., 1984). Phosphate has a few sources in nature and also acts as a 
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regulating factor for productivity of water body. Higher concentration of phosphate is an 

indicator of pollution, which induce possibility of eutrophication (Singare et al., 2011). Sulphate 

forms an important constituent of hardness and used by organisms for protein synthesis. It enters 

into water body by the weathering of sedimentary rocks, by bathing and washing clothes (Jain et 

al., 1996). 

 

 

1.2. Macrozoobenthos 

The term benthos is widely referred to flora and fauna which are intimately associated 

with sediments in an aquatic ecosystem (Adoni, 1985). The physical bottom and chemical factors 

of a water body provide habitat for this animal group called as macrozoobenthos or simply 

benthos. Macrozoobenthos consists of groups of animals such as: insecta, oligochaeta, mollusca 

and some others. They may include larvae, pupae and adult insects. Some of them pass all their 

life in water and other only part of their developmental stage (Subramanian and 

Sivaramakrishnan, 2005). The distribution of benthic community directly gets affected by biotic 

environment of the water body (Nkwoji et al., 2010). Their distribution depends on substratum, 

quantity and composition of organic matter in sediments (Subramanian and Sivaramakrishnan, 

2005). The habitats of different taxa of the benthic forms differ from one another. As per their 

breeding habitats, place of attachment, availability of food etc. the organisms are distributed 

from littoral zone up to profundal zone of the water body (Vyas and Bhat, 2010a).  



9 
 

Benthic fauna plays significant role in the functioning of aquatic community with their 

involvement in organic matter in mineralization and recycling (Allan, 1995). Therefore, a study 

on benthic community became a reliable source to provide the scenario of prevailing 

environment conditions and the impacts of changing hydrobiology of the water body (Ali et al., 

2003). Several scientists have stressed the importance of benthic fauna as valuables indicators of 

environmental conditions of aquatic water bodies (Hynes, 1975).  

 

Streams and rivers receive all types of discharges from human activities including food 

production, cultivation, collection of drinking water, harvesting of wood, forage and craft 

materials, and extraction of clay for pottery and brick making (Dixon and Wood, 2003). This 

leads to water pollution and aquatic ecology degradation, which can certainly affect human 

health. Despite the benefits and services that they provide for humans, wetlands as well as their 

streams/rivers all over the world are threatened (Schuyt, 2005). 

In the past decades, however, countries and organizations worldwide have been 

developing indicators to identify and quantify the stressor effects. Particularly, metrics associated 

with biological communities (i.e. fishes, macroinvertebrates, diatoms, macrophytes) have been 

widely used, but they are usually calibrated over broad datasets considering both reference and 

impaired streams (Canobbio et al., 2013). Biological methods are valuable for determining 

natural and anthropogenic influences on water resources and habitats because biota respond to 

stresses from multiple spatial or time scales integratively (Weigel and Robertson, 2007; Resende 

et al., 2010). In addition, the use of aquatic organisms in ecological studies has proven more 
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effective than environmental variables because the aquatic community integrates structural and 

functional characteristics and reflects the health of the studied streams (Rosenberg et al., 1993; 

Bonada et al., 2006). Among others, macroinvertebrates are the most commonly used 

assemblages (Resh, 2008) because they integrate various desirable characteristics, such as 

ubiquity, different levels of tolerance to perturbations, and sampling cost-effectiveness 

(Rosenberg et al., 1993; Li et al., 2012). 

A great variety of biotic indices and scores based on macroinvertebrate community as 

indicators have been developed and applied for water quality assessment, such as the Extended 

Trent Biotic index (ETBi) (Chandler, 1970), Belgian Biotic index (BBi) (De Pauw and 

Vanhooren, 1983), Rapid Bioassessment Protocols (RBPS) (Barbour et al., 1999), Biological 

Monitoring Water Quality (BMWQ) (Camargo and Mu˜noz, 1989), Multimetric 

Macroinvertebrate Index Flanders (MMIF) (Gabriels et al., 2010), Family-level Biotic Index 

(FBI) (Hilsenhoff, 1988), Indice Biologique Global Normalis´e (IBGN) (C. G. Environnement, 

2000), Average Score per Taxon (ASPT) (ing´enieur, 2002), and the Biological Monitoring 

Working Party (BMWP) (ing´enieur, 2002). Other methods can consist in the prediction of water 

quality by using a back propagation neural network (BP-NN) model (Ma et al., 2014) or to 

estimate critical metal concentrations for good ecological water quality by using 

macroinvertebrate based biotic index (Van et al., 2015). An important advantage of multimetric 

indices is that they are flexible and can easily be adjusted by adding or removing metrics or fine-

tuning the metric scoring system (Gabriels et al., 2010). Moreover, they allow objective 

classification of biological quality of sites belonging to different, natural, modified, artificial and 
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variously degraded systems (Verneaux et al., 1982). Most interestingly, freshwater 

macroinvertebrate species vary in sensitivity to organic pollution and, thus, their relative 

abundances have been used to make inferences about pollution loads. In natural pristine rivers, 

high diversity and richness of species could be found (Sokal and Rohlf, 1995). However, high 

impact due to human activities caused many changes to the assemblages and biodiversity of the 

river fauna (Wright et al., 1993; Pinel et al., 1996). Literature provide little information on 

biological assessment and monitoring tools of freshwater quality (Dallas, 1997; 

Macroinvertebrates in the catchment streams of Lake Naivasha, 1998; Mansiangi, 1999; Mbadu, 

2002; Mathooko, 2002; Beyene et al., 2009; Ambelu  et al., 2010; Negash et al., 2011; Getachew  

et al., 2012; Ansah  et al., 2012; Koto-te niwa  et al.,  2013; Ndaruga  et al., 2004; Mereta  et al., 

2013; Adams, 1993).  

Water quality characteristics of aquatic environment arise from a multitude of physical, 

chemical and biological interactions. A regular monitoring of water bodies with required number 

of parameters in relation to water quality prevents the outbreak of diseases and occurrence of 

hazards. The systematic use of living organism for monitoring and analysis of water quality 

originated in Europe early in this century and is widely used (Cairns and Pratt, 1993; Metcalfe-

Smith, 1994). Dudgeon et al. (1994) stressed the importance of biomonitoring and identifying 

areas of riverine biodiversity for long term accountability and conservation. Around the world, 

freshwater habitats are being subjected to increased levels of human disturbance (Saunders et al., 

2002). Wetland ecosystems are inhabited by wide variety of organisms and are considered 

richest sources of biological diversity. Bellingham (2012) explained that in order to mitigate the 
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impact human societies have on natural waters, it is becoming increasingly important to 

implement comprehensive monitoring regimes. 

Zoobenthos is characterized as a group of invertebrates, which spend at least part of their 

life cycle at the bottom substrate in the water bodies. The biotic environment of the water body, 

directly affect in the distribution of population density and diversity of the macro benthic 

community. Due to anthropogenic pressure and rapid urbanization these water bodies act as 

reservoirs to organic wastes (Pani and Misra, 2000). The benthic communities are composed of a 

wide array of flora and fauna, links all levels of food web and inhabit different types of habitat 

such as mud, sand attached to rocks, stones, macrophytes and other solid organic matter. 

Freshwater benthic macro-invertebrates, or more simply “benthos”, are animals without 

backbones that are larger than ½ millimeters (the size of a pencil dot). These animals live on 

rocks, logs, sediment, debris and aquatic plants during some period in their life. The benthos 

includes crustaceans such as crayfish, molluscs such as clams and snails, aquatic worms and the 

immature forms of aquatic insects such as stonefly and mayfly nymphs.  

Benthos is an important part of the food chain, especially for fish. Many invertebrates 

feed on algae and bacteria, which are on the lower end of the food chain. Some shred and eat 

leaves and other organic matter that enters the water. Because of their abundance and position as 

“middlemen” in the aquatic food chain, benthos plays a critical role in the natural flow of energy 

and nutrients. Some organisms serve as indicators of water pollution (organically or nutrient 

enriched waters) such as Oligochaeta, some Syrphidae (Diptera). It is predicted that a positive 

relationship exists between the densities of these organisms to the degree of organic pollution. 
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The lower species diversity index in general shows a more polluted water body. Tolerance to 

pollution is important for understanding the distribution of species. Benthic organisms take a 

great part in trophic relations, fluctuations and abundance of biomass, and water quality 

evaluation. 

The marcoinvertebrates of freshwater wetlands provide significant support to the aquatic 

food web and contribute to ecosystem stability through sustenance of cultivatable fish, aquatic 

birds and other wild life. Their composition, abundance and distribution pattern acts as an 

ecosystem index, thereby indicating trophic structure, water quality and eutrophication level of 

the ecosystem (Mehdi et al., 2005).  

 

1.3. Dikhu River 

Dikhu River is one of the most prominent rivers of Nagaland. River Dikhu, which has a 

total length of about 160 km, originates from Nuroto Hill area in Zunheboto district. The river 

flows across the Mokokchung and the Longleng districts. The main tributaries of river Dikhu are 

Yangyu of Tuensang district and Nanung in the Langpangkong range in Mokokchung district. 

The Dikhu River is one of the tributaries of Brahmaputra, one of the mightiest rivers of India. 

The Dikhu River is not only a prime tourist attraction, but also a significant source of livelihood 

for the people. The water makes the area around the river fertile. Since Longleng is primarily an 

agricultural district, the Dikhu River serves as a lifeline to its people.  
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During the present investigation the river was studied for a period of 24 months. The 

river was divided into five collection sites on the basis of different types of substratum and 

ecology of the sites. As such the present river was divided into five sites shown in map. 

 

Site I -  Longmisa Noksen    (N 26° 31’ 30.953” E 94° 41’ 13.429”) 

Site II - Longmisa- Chuchu                    (N 36° 32’ 4.68” E 94° 41’ 46.027”) 

Site III - Longkong     (N 26° 32’ 12.559” E 94° 42’ 4.721”) 

Site IV - Changtongya Yaongyimsen   (N 26° 32’ 22.511” E 94° 42’ 15.381”) 

Site V-  Changtongya Longleng   (N 26° 20’ 9.078” E 94° 38’ 29.799”) 
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1.4. Objectives 

Although there has been immense work done on the pollution and water quality 

parameters, but there is scare information on the correlation between the pollution status of 

various parameters sequentially and statistically. The present work gives a detailed account on 

various parameters correlated in the present study. The present work plan would be as under: 

(a) To study the geomorphology and habitat inventory of Dikhu river 

(b) To record the seasonal variations of the limnological parameters of the river 

(c) To assess the benthic marcoinvertebrates diversity selected stretches of the river 

(d) Bio-monitoring of ‘river health’ through molluscan/annelid species. 

 

4-15The analysis and presentation of the data in the present thesis will be a basic platform for the 

researchers on the management aspects of the Dikhu River. The work may also be used to 

establish relations between the various physical, chemical and biological parameters existing 

within the river ecosystem.  



 

 

 

 

 

Chapter 2 

REVIEW OF LITERATURE 
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2.  REVIEW OF LITERATURE 

Till date extensive work has been carried out in the field of limnology throughout the 

globe and as such a voluminous literature is available on the subject. In view of the objectives of 

the present research, a critical survey of literature was carried out to gather information on 

various aspects of limnology of various water bodies. Further, for the sake of convenience only 

the literature from late 1970 century is presented. The present review is dealt in the following 

four headings: 

2.1 Geomorphology and habitat inventory of Dikhu river 

2.2 Seasonal variations of the limnological parameters of the river 

2.3 Benthic marcoinvertebrates diversity   

2.4 Bio-monitoring of ‘river health’ through molluscan/annelid species 

2.1 Geomorphology and habitat inventory  

Hydrological survey of various rivers in different parts of the world has been 

carried out mostly in the latter half of the twentieth century. Probably the most 

extensively studied rivers of the world were the European rivers. Among the significant 

works made in the last 25 years include Backiel & Penczak (1989) on River Vistula; 

Lelek (1989) on River Rhine; Pavlov & Vilenkin (1989) on River Volga; Kajak (1992); 
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Vadineanu et al., (1992); Fruget (1993) on River Rhone;  Gastescu (1993); Petts (1984, 

1990 & 1994); and Whitehead & Noe, (1995) on rivers of Western Europe. On the other 

hand, the Murray-Darling River system of Australia, the fourth longest in the world, is 

also extensively studied by a large number of workers  (Cadwallander, 1986; Mackay & 

Shafron, 1989; Pollard, 1990; Sharley, 1993 and Walker & Thomas, 1993). The fauna 

including the aquatic invertebrates from certain African rivers were reviewed by Lowe -

McConnell (1987). Limnology of the North American rivers was a matter of attraction 

for a number of workers (Hesse et al., 1989; Benke, 1990). Karr (1993) in his extensive 

review documented rapid depletion of vertebrate and invertebrate, especially molluscan 

from the North American rivers. River degradation has severe effects on fish yields and 

fish stocking and habitat management program are being pursued in United States and 

Canada (Mitchell & Gardiner, 1983; Dodge & Biette, 1993) for the assessment of the 

ecological conditions and integrity of water resources.   

Subsequently literature is also available on the riverine ecology of the different 

regions of Asia. Some classical works among them are: Satomi (1976) in Japan; Young 

(1976) in Korea; Qureshi (1976) in Pakistan; Datingaling (1976) in Philippines; Willey 

(1910) in Sri Lanka; Smith (1945); Brandt (1964); Hiranyawat (1968) and Boonsom 

(1976) in Thailand; Gopalakrishnan (1976) in the Indo-Pacific and Chowdhury & 

Bhuiya (1990) in Bangladesh. In Indian context, among all the rivers, the Ganga river 

received more attention from Indian workers (Jhingran & Chakravorty, 1958; Rai, 1974; 

Jhingran & Tripathi, 1976; Bilgrami & Datta Munshi, 1979; 1985; Sikandar & Tripathi, 
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1984; Chattopadhya et al., 1984; Choudhari & Ojha, 1985; Sikandar, 1987; Ghose & 

Sharma, 1988; Sengupta et al., 1988; Singh, 1988; Sinha et al., 1989; Shukla et al., 

1989; Datta Munshi & Singh, 1991; Saxena et al., 1993;  Khanna, 1993; Singh et al., 

1994 and Madhyastha et al.,1999). The limnological studies on the other important 

rivers of India include the River Godavari (Bhimachar, 1959; Ganapati, 1964); River 

Yamuna (Chakrabarty et al., 1959; Chandraprakash and Grover, 1978; Bhargava, 1985; 

Saxena & Chauhan, 1993; Sharma et al., 2000); River Gomati (Bhaskaran et al., 1965; 

Arora et al. 1973); River Daha (David & Ray, 1966); River Tapti (Karamchandani & 

Bisolkar, 1967); River Hooghly (Ghose and Sharma, 1989); River Cauvery (Sampath et 

al., 1979 and Somasekhar, 1984); River Jhelum (Sundar, 1988) and River Narmada 

(Unni & Naik, 1997).   

During the last three decades, the ecology of the Himalayan rivers has also been 

studied in detail (Badola and Singh, 1981; Nautiyal et al., 1986; Bhatt & Pathak, 1989; 

Pathak et al., 2001). There are substantial published works on the hydrobiology of the 

rivers and floodplain lakes of the Indian sub-continent and these were reviewed by 

Gulati & Wartz-Schulz (1980) and Michael (1980). The study of rivers and river basins 

from hydrologic, hydraulic and fluvial geomorphic point of view gained due importance 

through the pioneer works of Knighton (1984); Borah & Goswami (1988); Basu et al. 

(1996); Goswami (1998); McCully (1996) and Kar & Goswami (1997). Similarly many 

other Indian rivers have also been extensively studied for physico-chemical aspects. For 

example, Das and Srivastava (1965) on the rivers in Bihar;  David & Ray (1966) on the 
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River Daha;  Sankaranarayanan et al. (1986) on the River Periyar; Badola & Singh 

(1981) on the River Alakananda, Mitra (1982) on the  rivers Godavari, Krishna and 

Tungabhadra, Singh & Hasnain (1999) on River Damodar, Kappor (1993) on the rivers 

in Uttar Pradesh, Guptachoudhury et al. (2011) on River Namdapha, Dutta & Dutta 

(2010) on Namsang stream, Pathak et al. (2001) and recently by Srivastava, (2000), 

Verghese (2005), Baruah (2007), Hazarika (2008), Baruah et al. (2008), Sarma, (2008), 

Hazarika et al. (2009), Baruah and Hazarika (2009); Hazarika et al., (2009), Dutta et al. 

(2010A), Dutta et al. (2010B), Hazarika & Bhuyan (2010), Baruah et al. (2011), 

Hazarika et al. (2011), Dutta et al. (2011A), Dutta et al. (2011B), Dutta and Sarma 

(2012) on the downstream of river. There are also a few reports available on the 

hydrobiology and fisheries of the Brahmaputra river basin (Dey, 1976, 1981 and 1984; 

Jhingran & Pathak, 1988; Chandra, 1988; Singh et al., 1988; Biswas & Michael, 1992; 

Biswas et al., 1995; Biswas, 1998; Biswas & Boruah, 2000; Boruah & Biswas, 2002; 

Biswas & Boruah, 2010; Das & Biswas, 2011).  

 

2.2 Limnological Studies 

 Limnology is an inter-disciplinary science which involves a great deal of detailed field as 

well as laboratory studies to understand the structural, functional aspects and problems 

associated with the freshwater environment, from a holistic point of view. Many recent studies 
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have highlighted research in the field of water quality monitoring and assessment (Yu et al., 

2003; Lambrakis et al., 2004; Simeonova, 2006; Shrestha and Kazama, 2007; Solanki et al., 

2010: Juahir et al., 2011; Malik and Nadeem, 2011). Comprehensive application of different 

multivariate statistical techniques in water quality assessment has been over a period of time (Liu 

et al., 2003; Simeonov et al., 2003; Singh et al., 2005; Simeonova and Simeonov, 2006; 

Simeonova, 2007; Zhang et al., 2009; Dolotov et al., 2010; Guyer and Ilhan, 2011). 

 

 Physico-chemistry of water provides important parameters for quantifying 

biogeochemical cycles and establishing management options in river systems and wetlands. 

Eduardo et al. (2014) worked on physico-chemical features of major Amazonian water 

typologies. The first scientific classification of Amazonian water bodies was elaborated in the 

1950s by Sioli (1956a; 1956b). Attributes such as water color, transparency, pH and electrical 

conductance were studied to explain limnological characteristics of the large Amazonian rivers. 

The innovative aspect of his classification was the correlation of these characteristics to the 

geological and geomorphological properties of the river catchments, an approach used today in 

landscape ecology. This simplified classification has dominated until today the scientific 

discussion about limnology and ecology of the Amazon basin. Flura et al. (2016), on the other 

hand, evaluated the physico-chemical and biological properties of water from the river Meghna, 

Bangladesh.  

In many countries including India, the rivers are not only being exploited but are also 

used as dumping grounds for effluents, sewage and solid wastes. Direct or indirect contact of 
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chemicals or waste water to the sources of drinking water causes undesirable changes in its 

composition, which proves detrimental for all living organisms. Considerable investigations of 

physicochemical properties of the river water are carried out in India (Borse, et al. 2003, Singh 

and Gupta, 2004, Barai and Kumar, 2012, Deshmukh, 2012, Chaurasia and Karan, 2013, 

Kushram, 2013; Majumder and Dutta, 2014 and Sharma, 2015). A water body affects the 

environment in its vicinity, like changing of ground water tables, conditions of climate etc. Most 

of the people like washer man, and fisherman, living in the surrounding area depend on this 

source of water for their survival. Any damages to this water source by any agency will not only 

make life miserable but that will also disrupt the aquatic ecosystem. It is therefore necessary to 

study the quality of river water, on the basis of physico-chemical parameters so as to assess its 

portability (Parvati, 2016). On the same context, Xia Liu et al (2016) worked on the water 

quality characteristics of Poyang Lake, China, in response to changes in the water level.  

 

2.3 Studies on macrozoobenthos fauna 

Macrozoobenthos comprise of an important group of aqua fauna by way of their 

contribution to ecosystem stability, besides acting as potential bioindicators of trophic status. 

Being efficient energy converters, they constitute an important link in the aquatic food web. 

Odum (1971) described common inhabitants of sewage water with particular reference to 

oligochaetes. Learner et al. (1971) examined benthos assemblage above and below a point 

source of sewage and found upstream to be quite diverse while downstream to be left with only 
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chironomids and oligochaetes. Dance and Hynes (1980) and Ajao and Fagado (1990) observed 

the distribution of macrozoobenthos in waters receiving complex mixtures of domestic waste. 

Seasonal dynamics of macrozoobenthic organisms in diverse water bodies were discussed by 

Munawar (1970 a,b); Mandal and Moitra (1975); Das (1979); Rai and Datta Munshi (1979); 

Chowdhary (1984); Sharma (1986); Kaushik et al. (1991); Dhillon et al. (1993a); Syal (1996); 

Singh (1982) and Yousuf et al. (2002). Rich vegetation provides food and shelter to the growing 

zoobenthos was suggested by Needham and Llyod (1916); Krecker (1939); Andrews and Hasler 

(1943); Tonapi (1980); Sharma (1988); Kaushik et al. (1991); Kumar (1996b); Bath and Kaur 

(1998) and Sajeev (1999). Cordery (1976) studied the impact of stress imposed by motor boats 

on the aquatic insects. The impact of silt on the aquatic organisms was reported by Kaul et al. 

(1978) and Pennak (1978).  

In contaminated sections of the water body, chironomids and tubificid worms were the 

only taxa to survive (Winner et al. 1980). Chironomid larvae were found to be the most common 

component of benthos while toxicity of pesticides to benthic insect communities was discussed 

by William and Feltmate (1992). The stress of various environmental pollutants on the aquatic 

organisms was discussed by Kumar (1996a, b). The distribution of macrozoobenthos designated 

as an indicator of clean and eutrophicated water was described by Gaufin and Tarzwell (1956); 

Curry (1962); Schneider (1962); Shrivastava (1962); Hussainy (1965); Verma and Shukla 

(1969); Serruya (1978); Pennak (1978); Allanson (1979); Das and Bisht (1979); Pandit (1980); 

King (1981); Roy and Sharma (1983); Sharma (1986); Sinha and Prasad (1988); Das (1989); Rao 

et al. (1991); Dhillon et al. (1993a) and Kumar (1996b).  
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Arti and Vipulab (2014) assessed the correlations between abiotic (Physical and 

chemical) and biotic (macro-benthic invertebrates) variables of Ban- Ganga, Jammu. The authors 

studied both variables and concluded that the physico-chemical parameters were congenial in 

accordance to the result obtained from biological parameters. It was found that physico-chemical 

parameters play significant role in structuring the stream macro benthic invertebrate 

communities, because they are the determinants of colonization and persistence of organisms in 

the stream habitats. Thus, the invertebrates are useful as bio indicators to the health of the aquatic 

ecosystem, complementing water quality analysis. 

Macroinvertebrates form an important constituent of aquatic ecosystems and have 

functional significance in assessing the trophic status, as the abundance of benthic fauna mainly 

depends on physical and chemical properties of the substratum and thus the benthic communities 

respond to changes in the quality of water and available habitat. Rafia and Pandit (2014) 

reviewed the occurrence, composition and distribution of macroinvertebrates of Kashmir lakes 

and analyzed the benthic community, which helps in the determination of trophic status of lakes 

because of their sensitivity to pollution and is, therefore, an important criterion in the ecological 

classification of lakes.  

In a survey by Bhat et al., (2015) benthic diversity of Upper Lake - a Ramsar site, was 

assessed with reference to habitat types of macrozoobenthos. It was observed during their study 

that macrophytes forms one of the favorable conditions for benthic diversity followed by 

stones/sand and mud, as the highest value for Shannon diversity index was calculated at 

macrophyte type habitat while lowest at mud type habitat. Muzamil et al., (2016) studied the 
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macrozoobenthic community as biological indicators of pollution in Anchar Lake of Kashmir. A 

total of 21 taxa of macrozoobenthos were recorded from the system. Arthopoda was most 

dominant group constituting 45.7%, followed by Annelida 35.9% and Mollusca which 

contributed 18.4% of total macrozoobenthos. The bottom sites were dominated by insects 

belonging to orders Ephemeroptera, Tricoptera and Diptera. Significant changes in 

macrozoobenthic communities were primarily due to changes in water quality. As elsewhere, 

macrozoobenthic communities proved to be good indicators of water quality and should be used 

as bioindicators in long term monitoring of the lake. Recent contributions in the field of 

macrozoobenthos are those of Vitaliy et al. (2016); Ralf et al. (2016); Yung-Chul  et al. (2016); 

Halliday et al. (2016); Stancheva and Sheath (2016); Jerry & Calagui (2017); Wibowo et al. 

(2017); Zulkifli et al. (2017); Kannika et al. (2017) and Maja et al. (2017). 

2.4 Bio-monitoring of ‘river health’ through molluscan/annelid species 

Freshwater molluscs--snails and bivalves--have been used frequently as bioindicator 

organisms. With increasing needs for research on effects of contaminant in freshwater 

ecosystems, this kind of biomonitoring is likely to develop further in the future. Molluscs can be 

used effectively for studies of both organic and inorganic contaminants. Two important 

advantages of snails and bivalves over most other freshwater organisms for biomonitoring 

research are their large size and limited mobility. In addition, they are abundant in many types of 

freshwater environments and are relatively easy to collect and identify. Biomonitoring studies 

with freshwater molluscs have covered a wide diversity of species, metals, and environments. 

Such attempt has been done by Araujo and Jong (2015), who worked on the biodiversity studies 
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on bivalve (Mollusca) in Europe. On the other hand, Archambault et al. (2015) evaluated the 

sensitivity of freshwater molluscs to hydrilla targeting herbicides: providing context for invasive 

aquatic weed control in diverse ecosystems. The role of mollusks as bioindicators of pollution 

had been observed by Besser  et al. (2015), who evaluated the toxicity of sediments from lead–

zinc mining areas to juvenile freshwater mussels (Lampsilis siliquoidea) compared to standard 

test organisms. 

Jasinska et al. (2015) used mollusks as the biomarkers for contaminants of emerging 

concern on aquatic organisms downstream of a municipal wastewater discharge. Similarly the 

effect of eutrophication on molluscan community composition in the Lake Dianchi (China, 

Yunnan) was carried out by Li-Na et al. (2015). The molluscs have been the animal of interest 

for biomonitoring. As such Roy et al. (2015) assessed the potential toxicity of chloride-affected 

groundwater discharging to an urban stream using juvenile freshwater mussels (Lampsilis 

siliquoidea). One such molluscan Margaritifera margaritifera (Linnaeus, 1758) was used for 

assessing the ecological status at the southern edge of its distribution (River Paiva, Portugal).  

Polychaetes (Annelids) are usually the most abundant taxon in benthic communities and 

have been most often utilized as indicator species of environmental conditions. While the use of 

indicator species for a particular pollutant is not simple, polychaetes can provide a useful means 

of assessing the effects of poor environmental conditions. Polychaetes may be used as sensitive 

monitors of water quality especially in terms of the effects of pollutants on life history 

characteristics. They may also be utilized as general indicators of community diversity but those 

species indicative of lower diversity may differ geographically and temporally. Some species of 
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polychaetes are able to live in sediments very high in trace metal content and body burden of 

these metals often does not reflect sediment concentrations due to regulation by these species. 

Many species seem relatively resistant to organic contaminants and pesticides and the effects of 

these pollutants on life history characteristics of these species may provide a more sensitive 

assay method. Recent studies using biomarkers in polychaetes to indicate general heavy metal or 

pesticide contamination has shown some success.  

Somogyi et al. (2012) evaluated the comparative toxicity of the selenate and selenite to 

the potworm Enchytraeus albidus (Annelida: Enchytraeidae) under laboratory conditions. Al-

Abbad et al. (2015) worked on the biodiversity of the macroinvertebrates in the Southern Iraqi 

Marshes, with a special reference to Oligochaeta. While as anthropogenic impact on water 

chemistry and benthic macroinvertebrate associated changes in a southern Nigeria stream was 

evaluated by Arimoro et al. (2015). Colombo et al. (2016), on the other hand, investigated the 

effects of Lumbriculus variegatus (Annelida: Oligochaeta) bioturbation on zinc sediment 

chemistry and toxicity to the epi-benthic invertebrate Chironomus tepperi (Diptera: 

Chironomidae). On the same pattern, Yildiz (2016) evaluated the habitat preferences of aquatic 

oligochaeta (Annelida) species in the Lake District (turkey). Annelida have been the animal of 

choice for biomonitoring studies. One such work was executed by Buch et al. (2017), who 

worked on mercury critical concentrations to Enchytraeus crypticus (Annelida: Oligochaeta) 

under normal and extreme conditions of moisture in tropical soils Reproduction and survival.  

Structural and physiological characteristics of Limnodrilus sulphurensis (Oligochaeta, Annelida) 

thriving in high sulphide conditions were studied by Giere et al. (2017).  
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3. MATERIALS AND METHODS 

3.1 Study Area 

Nagaland is dissected by a number of seasonal and perennial rivers and 

rivulets. The major rivers of Nagaland are Doyang, Dikhu, Dhansiri ,  Tizu, 

Tsurong, Nanung, Tsurang or Disai, Tsumok, Menung, Dzu, Langlong, Zunki, 

Likimro, Lanye,  Dzuza and Manglu. All  these rivers are dendritic in nature. Of 

the rivers, Dhansiri ,  Doyang and Dikhu flow westward into the Brahmaputra. 

The Tizu River, on the other hand, flows towards east and joins the Chindwin 

River in Burma.  

Dikhu River is one of the most prominent rivers of Nagaland. River 

Dikhu, which has a total  length of about 160 km, originates from Nuroto Hill  

area in Zunheboto district .  The river flows across the Mokokchung and the 

Longleng districts. The main tributaries  of river Dikhu are Yangyu of Tuensang 

district  and Nanung in the Langpangkong range in Mokokchung district .  

3.1.1 General description of Dikhu site: 

The Dikhu River is one of the tributaries of Brahmaputra, one of the 

mightiest  rivers of India. The Dikhu River is not only a prime tourist  attraction, 

but also a significant source of l ivelihood for the people. The water makes the 
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area around the river ferti le. Since Longleng is primarily an agricultural district , 

the Dikhu River serves as a l ifeline to i ts p eople. 

3.1.2  Study Sites:  

For the present investigation, five sampling sites were selecte d on the 

basis of accessibili ty and  vegetation. The description of study sites is given as 

under: 

3.1.2.1 Sampling site  –1:  Longmisa Noksen  

 Site I is located upstream. It  has pebbles, sand and hard rock bed with 

vegetation covering at both sides of the river. It  also has nearby agricultural 

lands and tree plantations. The land use pattern includes agricultural farmland 

and plantation. The watershed property of the water includes agricultural runoff. 

There were also no visible sources of waste disposal.  It  has a stretch of 2.18km 

and width varying from 9.56  to 40.29 m. It  also is one of the sites with the 

nearest human settlement (Changtongya Town). The water is used mainly for  

drinking, irrigation and also fishing activities. The human habitations on river 

banks were the main source of discharging the sewage, farmyard washings,  

agricultural waste, pesticides etc into the river system. However,  the human 

population size was found to be small ,  moderate and sparse. Hence, major 

pollution of the river was not encountered and it  is also evident from the 

physico-chemical analysis of water samples. The watershed properties of the 

area are mostly agricultural,  residential  and animal runoff.  
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3.1.2.2 Sampling site – 2 Longmisa- Chuchu  

 Site II is located upstream. It  has a stretch of 898.87 m and width varying 

from 12.56 to 32.29 m. It  has pebbles, sand and hard rock bed with vegetation 

covering at both sides of the river. I t  also has nearby agricultural lands and tree 

plantations. The land use pattern includes agricultural farmland and plantation. 

The watershed property of the water includes agricultural runoff. There are no 

visible sources of waste disposal. The river bed i s soft  due to the presence of 

sand and clayey type of soil .  The river banks are partly stable. The river also 

carried and deposited large and medium wood debris on the riverbed and bank. 

The Riparian zones were primarily composed of woody forests and shrub s. The 

watershed properties of the area are mostly agricultural.  

3.1.2.3 Sampling site  – 3  Longkong  

 Site III is located upstream. It  has a stretch of 1.48km and width varying 

from 8.56 m to 42.29 m.  The area is composed of pebbles, sand and hard rock 

bed with vegetations covering both sides of the river. The main types of  

vegetation include trees and shrubs. The watershed properties of the river 

include mainly agricultural runoffs. The water is used mainly for anthropogenic 

activities such as fishing and agricultural uses. Large plantation areas were 

observed adjacent to Site III.  There is no direct disposal of waste in the study 

Site III.   
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3.1.2.4 Sampling site – 4  Changtongya Yaongyimsen  

Site IV is  located upstream. It  has a stretch of 1.88 km and width  varying 

from 7.56 to 39.29 m. The area is composed of pebbles, sand and hard rock bed 

with vegetations covering both sides of the river. The main types of  vegetation 

include trees and shrubs. The watershed properties of the river include mainly 

agricultural runoffs. The water is used mainly for anthropogenic activities such 

as fishing and agricultural uses. Large plantation areas were observed adjacent 

to Station IV. There is no direct disposal of waste in the study area. The river 

bed had a strong flow regime which powers the transfer of smaller rocks and 

gravels within i t .  The river banks were partly stable and smaller wood debris 

were observed mostly. The Riparian zones were primarily composed of woody 

forests and shrubs. The watershed properties of the area are mostly agricultural 

and animal runoffs.  

3.1.2.5 Sampling site  – 5 Changtongya Longleng  

Site V is located midstream and doesn’t not have any adjacent farmland, 

instead the riparian zone is covered by small  shrubs. It  has a stretch of 1.68 km 

and width varying from 7.56 to 33.29 m. The watershed properties of the river 

include mainly runoffs from adjacent soil and upstream agricultural runoffs. The 

river bed was mostly composed of sand, sil t  and clay. The ri ver banks were 

partly stable and smaller wood debris were observed mostly.  The Riparian zones 
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were primarily composed of woody forests, grass, trees and shrubs. The 

watershed properties of the area are mostly agricultural and animal runoff, but 

not residential . 

3.2 Drafting and mapping of Location map:  

The location map was prepared using geographic information system 

(GIS). The project site with i ts subdivisions and grave sites was reconstructed 

by drafting it  using a highly accurate computer aided drafting (CAD) 

program.  Stringent drafting requirements were followed to digitize the  

boundaries and features. The location of the actual site s was positioned in the 

correct geographic space for our site location s. This was so that we could use 

the power of GIS and integrate aerial  photography and other features to present 

an accurate view of the sites.  At this level of conversion, the various sections, 

lots and grave site names were included as well as other structures on the site s 

which were important to operations. The second step to establish a GIS mapping 

base employed the information  developed in the CAD program. This was done 

by converting the CAD drafted elements into a spatial  geo -database format.    

3.2.1 Satellite Data 

The different satell i te images were used for Dikhu river basin study 

3.2.2 Image Processing and GIS systems:  
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Following hardware and software were used for image processing and GIS 

analysis:  

A. Hardware:  

During present study the image processing was carried out in a system with Core 

2 Duo processor.  

2GB RAM and 24 bits Graphics Windows acceleration Board with res olution of 

1024 x 768. 

B. Software:  

a. ArcGIS for GIS analysis  

b. HRDAS IMAGINF 9.0 software for image processing  

c. MS Office XP: MS-Excel. Ms-Word for word processing  

3.3.  Limnological studies:  

3.3.1 Sampling period:  

Sampling was done on fortnightly basis. 

3.3.2 Measurements of physico-chemical parameters of water  

        The physico-chemical parameters were analyzed by following methods for 

water chemistry as given in APHA (1998) and Adoni, A.D. (1985).  

3.3.3 Water sample collection and analysis  
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         Physico-chemical characteristics of water were investigated on fortnightly 

basis. Immediately air and water temperature  were recorded on the sampling 

sites.  The water samples were collected from the sampling sites by dipping one 

li tre polyethylene bottle just  below the surface of water. Special recommended 

glass bottles were used for the estimation of dissolved oxygen. For estimation of 

dissolved oxygen,  samples were fixed at the sampling site in accordance with 

modified Winkler method. The analys is of  water samples was done by adopting 

standard methods of Golterman and Clymo (1969), Adoni (1985), and APHA 

(1998). Water sample for other physico -chemical parameters were stored and 

carried to the laboratory for analysis.  The methods employed for the 

determination of different physico -chemical parameters of water are enumerated 

as follows:                                                                                                       

3.3.4 Physico-chemical Parameters:  

3.3.4.1 Temperature:   

The temperature of surface water and air was recorded by using standard 

Celsius mercury thermometer. The bulb of thermometer was dipped directly in 

surface water for at  least two minutes for obtaining the water temperature. Air 

temperature was recorded in shady place to avoid direct exposure of the mercury 

bulb to the sunlight at  the study si te. The measurement range was from 0 oC to 

50oC.The results were expressed in  oC.  
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3.3.4.2 Turbidity:  

Turbidity was measured using an electronic turbidity meter. Turbidi ty is  

usually measured in nephelometric turbidity units (NTU) or Jackson turbidity 

units (JTLJ), depending on the method used for measurement. The two units are 

roughly equal. During the present study turbidity sensors were used which are 

also called as submersible turbidimeters  (USGS, 2013)  

3.3.4.3 Hydrogen ion concentration (pH):  

pH was measured with the help of portable digital  pH meter (OAKTON),  

in the field immediately after collection of sample. It  has a single electrode and 

dry cell  battery operation. The meter was standardized with buffer solution 

before operation. 

3.3.4.4 Determination of Dissolved Oxygen:  

Method used for the estimation of dissolved oxygen was modified Winkler’s 

method,  

The formula used for determining D.O is as follows:   

𝐃𝐢𝐬𝐬𝐨𝐥𝐯𝐞𝐝 𝐎𝐱𝐲𝐠𝐞𝐧 (𝐦𝐠/𝐥) =
𝑋 𝑥 𝑁 𝑥 8 𝑥 1000

𝑌  

 

Where,     X = ml of t itrant used 
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     Y = ml of sample 

     N = normality of t i trant  

The result  was expressed in D.O. mg/l.  

3.3.4.5 Free Carbon dioxide: Carbon Dioxide (mg/l):  

  

Free carbon dioxide was analyzed at the sites by using phenolphthalein 

indicator and sodium hydroxide ti trant.  Free CO2  was calculated as follows:  

 

𝐅𝐫𝐞𝐞 𝐂𝐎𝟐(𝑚𝑔/𝑙) =
𝑋 𝑥 𝑁 𝑥 1000 𝑥 44

𝑌  

 

Where,     X = ml of t itrant used 

 Y = ml of sample 

 N = normality of t i trant  

3.3.4.6 Current/Flow 

The units that are typically used to express discharge include m³/s (cubic 

meters per second (Dunne and Leopold, 1978). A commonly applied 

methodology for measuring, and estimating, the discharge of a river is based on 

a simplified form of the continuity equation. The equation implies that for any 

incompressible fluid, such as l iquid water, the di scharge (Q) is equal to the 
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product of the stream's cross -sectional area (A) and its mean velocity ( 𝑢̅),  and is 

written as: 

𝑄 = 𝐴𝑢̅ 

where, 

  Q  is the discharge ([L3T− 1];  m3/s  

  A  is the cross-sectional area of the portion of the channel occupied by the 

flow ([L2];  m2) 

  𝑢̅ is the average flow velocity0 ([LT − 1];  m/s  

3.3.4.7 Alkalinity  

Procedure: For estimation of phenolphthalein alkalinity 50 ml of sample was 

taken in an Erlenmeyer flask and was titrated against 0.02N H 2SO4  in the 

presence of phenolphthalein indicator ti l l disappearance of pink colour. The 

calculation is as follows:- 

Phenolphthalein Alkalinity (P) as mg/l CaCO3    =    ml of titrant used X 1000 

                                                                                             ml of the sample     

 

Total Alkalinity (T) (mg/l) CaCO3    =     ml of titrant used X1000 

                                                                                    ml of the sample 

https://en.wikipedia.org/wiki/Area
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Results were expressed mg/l  

3.3.4.8 Hardness  

Total hardness was determined by using ti trimetric method.  The total 

hardness was calculated as follows:  

 

𝐓𝐨𝐭𝐚𝐥 𝐡𝐚𝐫𝐝𝐧𝐞𝐬𝐬 𝐚𝐬 𝐂𝐚𝐂𝐎𝟑(𝑚𝑔/𝑙) =
𝑋 𝑥 1000 𝑥 𝑍

𝑌  

 

Where, X = ml of t itrant used 

  Y = ml of sample 

  Z = mg of CaCO3 equivalent to 1.00 ml EDTA titrant  

3.3.4.9 Determination of Nitrate : (Boyd, 1979)  

For the determination of nitrate 25 ml of sample is taken in flask and 

evaporate to dryness on a hot water bath/suitable hot plate. The residue is 

rubbed thoroughly with 0.5 ml of phenol disulphonic acid reagent to dissolve all  

solids. 5 ml disti l led water  is added and 1.5 ml concentrated NH 4OH one after 

the other and stirred. A yellow colour is developed. The supernatant is taken 

avoiding the flocks and in spectrophotometer the reading is taken at 410 nm 

against disti l led water blank. Results were expresse d in mg/l.  

3.3.4.10 Determination of Phosphate : (Boyd, 1979)  
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For the determination of phosphate 25 ml of water sample is taken in an 

Erlenmeyer flask. (A disti l led water blank is also prepared simultaneously.1ml 

ammonium molybdate solution is added and 0.1 2 ml (3 drops)  stannous chloride 

is added. Blue colour will  appear gradually.  The reading is taken at 

spectrophotometer at  690 nm after 10 minutes, but 15 minutes against a blank. 

The values are taken with the help of calibration curve and results were 

expressed in mg/l.   

3.3.4.11. Electrical Conductivity: 

 Electrical conductivity was measured by Aquaread’s EC Testing Equipment. The 

Aquaprobe AP-2000 and the Aquaprobe AP-5000 were efficiently used for the conductivity 

measurements. 

3.3.4.12. Water Quality Index (WQI):  

 

Fourteen water quality parameters were considered for calculation of 

water quality index (Harkins, 1974; Tiwari et al . ,  1986; Tiwari and Manzoor,  

1988; Mohanta and Patra, 2000; Kesharwani et al . ,  2004; Padmanabha and 

Belagali ,  2005). Mean value of each parameter was compared with the ICMR 

recommended standards for water quality parameters to compute water quality 

index- 

Water Quality Index (WQI) = ∑q iw i  
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Where, q i  (water quality rating) = 100 x (V a-V i) / (V s -V i),  

Where Va  = actual value present in the water sample  

V i  = ideal value (0 for all  parameters except for pH and DO which 

are 7.0 and 14.6 mgl -1  respectively)  

V s  = standard value 

If quality rating q i  = 0 means complete absence of pollutants  

While 0<q i<100 implies that  the pollutants are within the prescribed standard  

When q i>100 implies that the pollutants are above the standards (Mohanty,  

2004) 

W i  (unit  weight) = K/Sn  

3.3.4.13 Water Pollution Indices  

It  is well  established that environmental disturbance such as pollution 

induces changes in structure and function of the biological system and also 

changes the physico-chemical characteristics of the natural water quality. For  

the detection and evaluation of water pollution, the water pollution indices are 

commonly used. The indices are characterized into two parts: the physico -

chemical indices and biological indices. Physicochemical indices are based on 

the values of various physicochemical parameters in a  water sample while the 

biological indices are derived from the biological information. These indices are 
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aimed at providing numerical version of the biological information and also 

physico-chemical information of the water. In this study the following two  

indices were taken into consideration for biological information based on algae 

and one index is considered for physico -chemical information for assessment of 

water quality of the Dikhu river . The indices are as follows:  

(a) Diversity index (i>)  

(b) Palmer's pollution index (P.P.l .)  

(c) Organic pollution index (O.P.T.)  

3.4.1 Diversity Index (DI)  

A number of studies have showed the pollution produces striking changes 

in the biotic community. Some of the species may be unable to tolerate slightest 

of pollution while few species may persist  in reduced coactions and then again 

certain species may be able to attain greater abundance under the same situation. 

This causes an imbalance in the system which could be monitored to detect the 

status of pollution.  These structural changes can be quantified numerically and 

are very useful in assessment of water quality based on the principle that 

polluted water supports always low diversified flora and fauna while clean water 

supports high community diversity. The d iversity index is calculated from the 

abundance data of organisms and serves as a very good indicator of pollution. 

Some of the common diversity indices are given belo w: 
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3.4.1.1  Shannon-Wiener index :  

The Shannon and Weaver diversity indices ‘H’ (Shannon and Weaver, 

1949) were used for the evaluation of species diversity in samples in Dikhu 

river. Diversity commonly depends on the number of species and individuals in 

the community at  a given point in t ime and has been mathematically well  

documented. 

The Shannon Weaver diversity Index ‘H’ equation is given as:  

H = ABS ( ni / N) × (log10 ((ni) / (N)  

Where, Pi = n/N; n = diversity of individual ;  ni  = Number of individuals in all  

the species; N = Total number of individuals in all  the species ;  Log10 = Chosen 

logari thm with base of  10 (Pielou,  1977).  

 

3.4.2 Palmer's Pollution Index 

Palmer (1969) made the first  major attempt to identify and prepare a l ist  

of genera of algae tolerant to organic pollution. He prepared a l ist  of 60 genera 

and 80 species tolerant to organic pollution. He also developed Palmer algal 

genus index for the rat ing of organic pollution of a water body. For the 

calculation of this index, Table A  is taken for use. The table provides 20 algal 

genera most tolerant to organic pollution and a number is assigned to each of 
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them depending on their relative tolerance to p ollution. The algae present in the 

water sample are identified and the genera present from t he list are noted. The 

assigned number scored by each genus is summed up to get the value of algal 

genus index.  

Table 1: Pollution Index of Algal Gener a (Palmer, 1969) 

S.N.  Genera Pollution Index S.N.  Genera Pollution Index 

1. Anacystis 1 11 Micractinium 1 

2. Ankistrodesmus 2 12 Navicula 3 

3. Chlamydomonas 4 13. Nitzschia 3 

4. Chlorella 3 14. Oscillatoria 4 

5. Closterium 1 15. Phormidium 1 

6. Cyclotella 1 16. Pandorina 1 

7. Euglena 5 17. Phacus 2 

8. Gomphonema 1 18. Scenedesmus 4 

9. Lepocinclis  1 19. Stigeoclonium 2 

10. Melosira 1 20. Synedra 2 

 

On the basis of the total score obtained from the assigned number to each 

genus for each sampling station, Palmer (1969) formulated the following 
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pollution index scale for assessment of organic pollution of the water bodies. 

The pollution index scale is gi ven below: 

Pollution Index Status of Pollution  

<15 Very light organic pollution 

15 to 20 Organic pollution 

>20 High organic pollution 

Algal pollution indices are also used for detection and evaluation of water 

pollution (Rai and Kumar, 1980; Gunale and  Balakrishnan, 1981; Nandan and 

Patel,  1983, 1985, 1986).  

3.4.3 Organic Pollution Index (OPI)  

One of the most effective ways to communicate in formation on water 

quality trend is with indices. To evaluate the status of pollution of a water body,  

water quali ty yardstick as based on physico -chemical and biological data are 

important for water quality management. One such water quality target value as 

based on physico -chemical data is organic pollution index (OPI). The significant 

feature of the index is that a  cluster of parameters are considered for evaluation 

of water quality rather than a single individual parameter. This index is  

expressed on a scale from 0 to 100, where 0 indicates the worst imaginable 

condition, and 100 stands for a totally natural enviro nment which is entirely not  

influenced by human habitation. The organic pollution index is related to the 
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availabili ty of oxygen in a water body and is calculated from monthly 

measurement on the following parameters: ammonia, biological oxygen demand 

(BOD), chemical oxygen demand (COD), dissolved oxygen saturation and 

temperature. The formula used for combining the individual parameter values 

i .e. 

OPI = 𝑒 ⌊
1

𝑛
 ∑ Ln (PQI)n . Wn

n

1

⌋ 

Where, OPI = Organic pollution index.  

PQIn  = The quality index for the n t h  parameter, a dimensionless number between 

0 and 100, standing for very poor and excellent quality respectively with respect 

to the parameter under consideration. The quality index is derived from 

parameter quality curves which are constructed according to  target value 

specified by Bach (1980).  

Wn = The weightage factor for the n parameter. All  the parameters have equal 

weightage : Wn is equal to 1/n = 1/5.  

3.5 Macrozoobenthos 

Five sampling sites (S1, S2, S3, S4 and S5)  were identified keeping in  

view the accessibility,  variations in the microhabitat  and representativeness of  

the entire Dikhu river . These sites were given identification marks. Study of  

benthic macroinvertebrates and analysis of water quality were conducted from 

different study sites of Dikhu river  Regular monthly sampling was undertaken 
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between 9 and 11 am at each site throughout the study period. All  the data were 

pooled and statistical mean and standard deviation were calculated. The 

macroinvertebrates colonizing the substrate and surf ace were collected with the 

help of the Surber sampler (0.50 mm mesh net) and by hand -picking from 

beneath the stones and macrophytes. The macroinvertebrates were preserved in 

5% formalin at the sampling sites. For quantitative analysis, macroinvertebrates  

were examined using inverted microscope and identified with the help of 

standard monographs and identification keys. The benthic macroinvertebrates 

were identified up to genus level. Population of organisms were counted species 

wise i .e.,  no. of individua ls of a species per sample and were expressed as 

number / m 2 .  During the course of  study period, seasonal samplings were carried 

out, in which five samples were collected from each sampling session. From 

each sample the number of individuals of different s pecies and group percentage 

were calculated per meter square (Welch, 1948) according to following formula:  

3.5.1 Population density  

Number of benthos per unit  area was calculated as follows: -  

N = O/AS x 104  

Where  

N = Number of organisms per sample /m 2 ,   
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O = number of individuals actively encountered.  

A = area of sampler (Ekman’s Dredge in m 2).   

S = number of samples taken at one sampling point.  

3.5.2 Modified Family Biotic Index,  

Tolerance values range from 0 to 10 for families and increase as water 

quality decreases. The index was developed by Hilsenhoff (1988) to summarize 

the various tolerances of the benthic arthropod community with a single value. 

The Modified Family Biotic index (FBI) was developed to detect organic 

pollution and is based on the o riginal species-level index (BI).The formula for 

calculating the Family Biotic Index is:  

𝐹𝐵𝐼 =
𝑥𝑖𝑡𝑖

𝑛
 

Where,  

xi  = number of individuals within a taxon  

 t i  = tolerance value of a taxon  

n = total  number of organisms in the sample (100)  

3.5.3 Species equitability  or evenness (E)   
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Species equitabili ty or evenness (E) is determined by the equation:  

E =
𝐻

𝐻𝑚𝑎𝑥
=

H

𝑙𝑛𝑆′
 

Where, 

H is the Shannon–Weaver diversity index and  

S is the number of species in the sample.  

3.5.4 Capacite biogenique secondaire´ inde x (Cb2)  

Capacite biogenique secondaire´ index (Cb2) was carried out by calculating  

3.6 Statistical analysis of data:  

3.6.1 Confidence Intervals:  

95% confidence interval was used to estimate the accuracy level in fish 

population and abundance.  

3.6.2 DIMO 

DIMO model “Diversity Model” [Qinghong, 1995] was performed by 

using H’, J’ and S indices simultaneously in synthetic graphic representation, 

with the aid of OriginPro 8 SR4 program [2008]. In order to compare and 
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visualize spatial evolution of assemblage s of each river section, rank-frequency 

diagrams were used [Frontier, 1976].  

Statistical analysis was carried out by standard computation by using microsoft 

word and Excel.  



 

 

 

 

 

 

Chapter 4 
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4. RESULTS 

4.1 Drafting and mapping of Location map: 

Geospatial technologies, such as remote sensing, Geographical Information System (GIS) 

and Global Positioning System (GPS) provide vital support to collect, analyze and store all types 

of geospatial information. Vegetation characteristics derived from remotely sensed data are 

particularly important for both qualitative and quantitative assessment. Traditionally, watershed 

boundaries are drawn manually onto a topographic map. During the present research, computer 

aided programs were used to derive watershed. Using computer technology, preliminary 

watershed boundaries were generated in a very accurate way. Delineation of watersheds can take 

place at different spatial scales. According to Garbrecht and Martz (2000), a large watershed may 

cover an entire stream system. In the present research work, we used point based method, and 

derived a watershed for each select point. The select points were slow moving patches of the 

Dikhuriver.  

4.1.1 Preliminary interpretation:  

The study is primarily based on topographical sheets on scale 1:50.000. Near twenty five 

sheets has been used for study on (Scale 1: 50000) number, namely:  

64-I/3, I/4, I/6, I/7, I/8, I/10, I/11 and I/12  

64-J/1, J/2, J/5, J/6, J/7, J/8, J/9, J/10 and J/11   
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64-K/9 and K/10  

The three (Scale 1: 250000) toposheet numbers covering the present study area are 64I, 

64J and 64K. Pre field visual interpretation of imagery was carried out on False Colour 

Composites (FCC) using image elements such as tone, texture, pattern, location, association and 

shadow.  

4.1.2 Geometric correction:  

Subset of satellite images were rectified for their inherent geometric errors using digital 

topographic maps in Modified Universal Transverse Mercator coordinate system obtained as 

reference material. The common uniformly distributed Ground Control Points (GCPs) in Dikhu 

river stretch were marked and imagery was resampled by nearest neighbor resampling method. 

The resampling method used the nearest pixel without any interpolation to create the warped 

image (Richards. 1994; Jensen, 1996). Images through image-to-image registration technique 

with rectification error of 0.108 pixels were accepted during the process of geometric correction. 

A very high level of accuracy in georeferencing of the images were possible because of the use 

of digital source as the reference data that allowed zooming to the nearest possible point location. 

The reference points in area of study were extracted by overlaying the boundary. Digital data 

pertaining to Dikhu river basin and its watersheds were subjected to digital classification. The 

images used were scanned, saved in *.tiff format and registered to the digital topographic maps. 

This allowed direct comparison of features between the images during the selection of sample 

plots for use in image classification and accuracy assessment of classified images. 
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4.1.3 Satellite Data 

 The use of satellite imagery invoices for identification of water stretches in Dikhu river 

system of the present interest is presented in Table 1A and identified spots along with the 

geographical coordinates in Table 1B. 

 

Table 1A: Satellite imagery sensor modules used during present study 

S.No. Satellite Sensor Path Row Date of Pass Spatial Resolution 

01 LandSat+ETM TM 142  44/45 14-11-2014 5.8m 

02 LandSat ETM 

SLC – off 

TM 142  44/45   26-03-2015 5.8m 

03 LandSat ETM 

SLC-off 

TM 142  44/45 24-06-2015 5.8m 

04 IRS-P6 LISS 3 102  55/59 

103  56/57 

01-01-2016 23.5 m 

05 Landsat 5 TM 142  44/45 22-04-2016 5.8m 
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Table 1B: Geographical location of the selected study sites of R. Dikhu  

Study 

Site 

Name of the Study 

Site 

Location 

From 

source 

Coordinates Max. water depth  (m) in 

dry spell at pools 

Site 1 Longmisa Noksen  5 km  N 26° 31⁄ 

30.953⁄⁄ ⁄ 

 E 94° 41⁄  

13.429⁄⁄ ⁄ 1.15±0.20 

Site 2 Longmisa- Chuchu                   5 km N 36° 32⁄  

4.68⁄⁄ ⁄ 

E 94° 41⁄ 

46.027⁄⁄ ⁄ 1.10±0.18 

Site 3 Longkong  6 km N 26° 32⁄  

12.559⁄⁄ ⁄ 

 E 94° 42⁄  

4.721⁄⁄ ⁄ 0.50±0.25 

Site 4 Changtongya 

Yaongyimsen 

14 km N 26° 32⁄  

22.511⁄⁄ ⁄ 

E 94° 42⁄  

15.381⁄⁄ ⁄ 

0.54±0.21 

Site 5 Changtongya 

Longleng  

15 km N 26° 20⁄  

9.078⁄⁄ ⁄ 

 E 94° 38⁄  

29.799⁄⁄ ⁄ 
 

1.14±0.19 
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Fig 1. Original satellite imagery of IRS-P6 LISS 3 (2015) covering the whole Dikhu river basin area 

(View of Site 1) 
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Fig 2. Original satellite imagery of IRS-P6 LISS 3 (2015) covering the whole Dikhu river basin area 

(View of Site 2) 
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Fig 3. Original satellite imagery of IRS-P6 LISS 3 (2015) covering the whole Dikhu river basin area 

(View of Site 3) 
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Fig 4. Original satellite imagery of IRS-P6 LISS 3 (2015) covering the whole Dikhu river basin area 

(View of Site 4) 
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Fig 5. Original satellite imagery of IRS-P6 LISS 3 (2015) covering the whole Dikhu river basin area 

(View of Site 5) 
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4.1.4 Data generation:   

For the present study a number of geographically analyzed layers were prepared. The 

digital satellite data of Indian Remote Sensing (IRS) acquired from National Remote Sensing 

Centre (NRSC) were evaluated on ArcGIS (Software). Digital Flevation Maps (DFM) was 

prepared by digital presentation on digitized contour lines of 1: 25000 scaled topographic maps 

in every 20 m interval in Dikhu river stretch.  

4.1.5 Field survey:  

A reconnaissance survey was carried out to the whole Dikhu basin area and then 

randomly selected areas (study sites) of the river were examined to recognize the variation of 

watersheds found on the ground to their respective tonal variation on satellite image (captured 

through Google Earth Pic 1-5). For identifying the actual location GPS (Global Positioning 

System) was used by feeding actual latitude and longitude which was calculated through 

toposheets and Google earth. All roads, major drainage, contours, canals and were traversed for 

collecting ground truth.  

From the GPS and ground field survey, it was reported that the Dikhuriver is fed by so 

many tributaries. The Dikhu River in itself is one of the tributaries of Brahmaputra, one of the 

mightiest rivers of India. The Dikhu River is not only a prime tourist attraction, but also a 

significant source of livelihood for the people. The water makes the area around the river fertile. 
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Since Longleng is primarily an agricultural district, the Dikhu River serves as a lifeline to its 

people. Site I (LongmisaNoksen) is located upstream. Its bed consists of pebbles, sand and hard 

rock with vegetation covering at both the catchment areas of the river. It has adjacent agricultural 

lands and tree plantations in vicinity. The land use pattern includes agricultural farmland and 

plantation. The watershed property of the water includes agricultural runoff. There were also no 

visible sources of waste disposal. It has a stretch of 2.18 km and width varying from 9.56 m to 

40.29 m. It also is one of the sites with the nearest human settlement (Changtongya Town). The 

human habitations on river banks were the main source of discharging the sewage, farmyard 

washings, agricultural waste, pesticides etc into the river system.  

 Site II (Longmisa- Chuchu) has a stretch of 898.87 m and width varying from 12.56 m to 

32.29 m. It has pebbles, sand and hard rock bed with vegetation covering at both sides of the 

river. It also has nearby agricultural lands and tree plantations. The land use pattern includes 

agricultural farmland and plantation. The watershed property of the water includes agricultural 

runoff. There are no visible sources of waste disposal. The river bed is soft due to the presence of 

sand and clayey type of soil. The river banks are partly stable. The river also carried and 

deposited large and medium wood debris on the riverbed and bank. The Riparian zones were 

primarily composed of woody forests and shrubs. The watershed properties of the area are 

mostly agricultural. 

 Site III (Longkong) has a stretch of 1.48km and width varying from 8.56 m to 42.29 

m.The area is composed of pebbles, sand and hard rocky bed with vegetations covering both 
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sides of the river. The main types of vegetation include trees and shrubs. The watershed 

properties of the river include mainly agricultural runoffs. The water is used mainly for 

anthropogenic activities such as fishing and agricultural uses. Large plantation areas were 

observed adjacent to Site III. There is no direct disposal of waste in the study Site III.  

Site IV (ChangtongyaYaongyimsen) has a stretch of 1.88 km and widths varying from 

7.56 m to 39.29 m. Large plantation areas were observed adjacent to Station IV. There is no 

direct disposal of waste in the study area. The river bed had a strong flow regime which powers 

the transfer of smaller rocks and gravels within it. The river banks were partly stable and smaller 

wood debris was observed mostly. The Riparian zones were primarily composed of woody 

forests and shrubs. The watershed properties of the area are mostly agricultural and animal 

runoffs. 

Site V (Changtongya Longleng) is located midstream and without any adjacent farmland 

but it consists of short shrubs. It has a stretch of 1.68 km and width varying from 7.56 m to 33.29 

m. The watershed properties of the river include mainly runoffs from adjacent soil and upstream 

agricultural runoffs. The watershed properties of the area are mostly agricultural and animal 

runoff, but not residential. 
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4.2. Physico Chemical Parameters 

The physico - chemical characteristics of the study sites in Dikhuriver was studied 

extensively with weekly/fortnightly collection of water samples and analysis thereof (Table 2). 

4.2.1. Water Temperature: 

 During the present research work, the average air temperature ranged between 

18.75±1.52 to 19.30±2.02°C, with lowest temperatures in winter and highest in summer months 

at all the study sites.The water temperature (°C) ranged between a minimum of 9.80±1.02°C to a 

maximum of 19.6±1.36°C during the study period from November 2014 to October 2016. At site 

1, the minimum and maximum water temperature was recorded as 10.00±1.32 and 27.5±1.24 

°C,. On the same site, the averages were 10.61±1.17, 23.50±1.21, 27.50±1.50 and 24.22±1.47 

respectively. At site 2, the minimum and maximum water temperature was recorded as 

9.80±1.42°C and 28.8±1.29°C, respectively. On the same site, the averages were 10.01±1.51, 

22.90±1.23, 28.8±1.14 and 23.70±1.12°C respectively. At site 3, the minimum and maximum 

water temperature was recorded as 9.99±1.17°C and 27.9±1.13°C, respectively. On the same 

site, the averages were 10.50±1.54, 22.60±2.02, 27.9±1.01 and 23.25±1.12 respectively. 

At site 4, the minimum and maximum water temperature was recorded as 10.30±1.42°C 

and 27.8±1.47°C, respectively. On the same site, the averages were 10.92±1.21, 22.00±2.15, 

27.80±1.12 and 24.15±1.56 respectively. At site 5, the minimum and maximum water 

temperature was recorded as 10.25±1.32°C and 27.5±1.01°C, respectively, with a mean±SD of 
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18.87±2.96. On the same site, the averages were 10.95±1.58, 22.90±1.47, 27.50±1.26 and 

23.84±1.59 respectively.  

4.2.2. Turbidity: 

 The turbidity ranged between a minimum of 8.56 to a maximum of 90.22 during the 

study period from November 2014 to October 2016. At site 1, the minimum and maximum 

turbidity was recorded as 8.56±2.7 and 85.65±1.3, respectively. On the same site, the averages 

were 9.97±3.6, 57.21±2.9, 77.56±1.7 and 24.71±3.5 respectively. At site 2, the minimum and 

maximum turbidity was recorded as 9.06±3.1 and 86.99±1.7. On the same site, the averages were 

10.42±2.3, 60.24±4.6, 78.92±2.7 and 25.65±2.7 respectively. At site 3, the minimum and 

maximum turbidity was recorded as 9.01±3.5 and 90.22±1.4. On the same site, the averages were 

9.82±1.9, 58.11±2.9, 80.12±2.1 and 28.72±4.7 respectively. 

At site 4, the minimum and maximum transparency was recorded as 9.62±2.4 and 

86.32±1.7. On the same site, the averages were 10.11±3.5, 59.34±3.7, 78.95±2.1 and 25.69±3.8 

respectively. At site 5, the minimum and maximum transparency was recorded as 9.81±3.5 and 

85.36±1.9, respectively. On the same site, the averages were 11.22±3.4, 61.25±2.1, 78.65±1.8 

and 26.55±3.7 respectively.  

4.2.3. pH: 

 The pH ranged between a minimum of 7.51±1.2 to a maximum of 8.32±0.7 during the 

study period from November 2014 to October 2016. At site 1, the minimum and maximum pH 
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was recorded as 7.59±1.1 and 8.30±0.4, respectively. On the same site, the averages were 

8.20±0.7, 7.72±1.1, 7.68±0.4 and 8.23±0.3 respectively. At site 2, the minimum and maximum 

pH was recorded as 7.62±1.1 and 8.32±0.7, respectively. On the same site, the averages were 

7.92±0.3, 7.75±0.5, 7.59±1.1 and 8.21±0.4 respectively. At site 3, the minimum and maximum 

pH was recorded as 7.51±1.3 and 8.15±0.3, respectively. On the same site, averages were 

8.05±0.8, 7.80±0.4, 7.62±0.9 and 8.09±0.7 respectively. 

At site 4, the minimum and maximum pH was recorded as 7.62±1.6 and 8.24±0.4, 

respectively. On the same site, the averages were 8.15±1.1, 7.69±1.4, 7.65±1.6 and 7.96±0.8 

respectively. At site 5, the minimum and maximum pH was recorded as 7.62±1.7 and 8.26±0.4, 

respectively. On the same site, the averages were 8.20±1.3, 7.71±1.4, 7.70±2.7 and 8.12 ±0.5 

respectively.  

4.2.4. Dissolved oxygen: 

 The dissolved oxygen ranged between a minimum of 7.96±1.26 to a maximum of 

12.55±1.06 during the study period from November 2014 to October 2016. At site 1, the 

minimum and maximum dissolved oxygen was recorded as 8.05±1.26 and 12.55±1.04, 

respectively. On the same site, the averages were 12.45±1.03, 8.53±1.46, 8.33±1.39 and 

9.37±1.06 respectively. At site 2, the minimum and maximum dissolved oxygen was recorded as 

8.12±1.26 and 12.27±1.04, respectively. On the same site, the averages were 12.06±1.49, 

9.03±1.34, 8.39±1.26 and 9.35±1.48 respectively. At site 3, the minimum and maximum 
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dissolved oxygen was recorded as 8.24±1.09 and 12.12±1.03, respectively. On the same site, the 

averages were 11.59±1.39, 8.56±1.27, 8.45±1.32 and 8.71±1.19 respectively. 

At site 4, the minimum and maximum dissolved oxygen was recorded as 7.99±1.48 and 

12.49±1.32, respectively. On the same site, the averages were 12.42±1.37, 8.66±1.31, 8.03±1.37 

and 9.20±1.06 respectively. At site 5, the minimum and maximum dissolved oxygen was 

recorded as 7.96±1.17 and 12.36±1.28, respectively. On the same site, the averages were 

12.23±1.39, 8.79±1.54, 8.08±1.59 and 9.27±1.31 respectively.  

4.2.5. Carbon dioxide: 

 The carbon dioxide ranged between a minimum of 5.11±1.26 to a maximum of 9.68 

±1.61 during the study period from November 2014 to October 2016. At site 1, the minimum and 

maximum carbon dioxide was recorded as 5.21±1.52   and 9.58±1.96 respectively. On the same 

site, the averages were 5.33±1.41, 6.22±1.32, 6.27±1.47   and 9.33±1.16   respectively. At site 2, 

the minimum and maximum carbon dioxide was recorded as 5.20±1.54 and 9.54±1.39, 

respectively. On the same site, the averages were 5.25±1.59, 6.18±1.37, 6.32±1.06 and 

9.21±1.04 respectively. At site 3, the minimum and maximum carbon dioxide was recorded as 

5.24±1.57 and 9.68±1.01, respectively. On the same site, the averages were 5.35±1.43, 

6.28±1.34, 6.42±1.29 and 9.34±1.08, respectively. 

At site 4, the minimum and maximum carbon dioxide was recorded as 5.11±1.59 and 

9.59±1.16, respectively. On the same site, the averages were 5.32±1.51, 6.34±1.37, 6.18±1.45 
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and 9.33±1.18, respectively. At site 5, the minimum and maximum carbon dioxide was recorded 

as 5.17±1.56 and 9.44±1.21, respectively, with a. On the same site, the averages were 5.40±1.51, 

6.19±1.32, 6.21 ±1.29 and 9.17±1.24 respectively.  

4.2.6. Current Flow (m/s): 

 The current flow ranged between a minimum of 0.171±0.10 to a maximum of 0.542±0.01 

during the study period from November 2014 to October 2016. At site 1, the minimum and 

maximum current flow was recorded as 0.182±0.10 and 0.530±0.01, respectively. On the same 

site, the averages were 0.196, 0.42±0.01, 0.518±0.01 and 0.287±0.09 respectively. At site 2, the 

minimum and maximum current flow was recorded as 0.185 and 0.535, respectively. On the 

same site, the averages were 0.192±0.11, 0.45±0.09, 0.520±0.01 and 0.292±0.11 respectively. At 

site 3, the minimum and maximum current flow was recorded as 0.179±0.10 and 0.531±0.09, 

respectively. On the same site, the averages were 0.186, 0.43±0.09, 0.519±0.01 and 0.289±0.10 

respectively. 

At site 4, the minimum and maximum current flow was recorded as 0.181±0.10 and 

0.536±0.01, respectively. On the same site, the averages were 0.188±0.10, 0.42±0.10, 

0.521±0.01 and 0.285±0.10 respectively. At site 5, the minimum and maximum current flow was 

recorded as 0.171±0.11 and 0.542±0.04, respectively. On the same site, the averages were 

0.179±0.11, 0.45±0.10, 0.520±0.01 and 0.276±0.11 respectively.  

4.2.7. Alkalinity: 
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 The alkalinity ranged between a minimum of 70.21±39.9 to a maximum of 139.6±14.7 

during the study period from November 2014 to October 2016. At site 1, the minimum and 

maximum alkalinity was recorded as 71.21±36.2 and 136.8±16.2, respectively. On the same site, 

the averages were 89.31±55.9, 134.55±19.7, 72.95±67.9 and 77.00±59.7 respectively. At site 2, 

the minimum and maximum alkalinity was recorded as 71.60±45.8 and 137.2±19.9, respectively. 

On the same site, the averages were 90.12±39.1, 135.65±13.9, 73.50±69.2 and 75.65±49.9 

respectively. At site 3, the minimum and maximum alkalinity was recorded as 73.65±43.4 and 

139.6±12.9, respectively. On the same site, the averages were 89.65±37.3, 138.24±17.9, 

75.65±59.4 and 75.55±58.6 respectively. 

At site 4, the minimum and maximum alkalinity was recorded as 70.21±49.9 and 

136.2±12.3, respectively. On the same site, the averages were 91.20±45.2, 133.60±15.2, 

72.65±53.29 and 77.25±55.32 respectively. At site 5, the minimum and maximum alkalinity was 

recorded as 71.02±41.9 and 131.5±18.8, respectively. On the same site, the averages were 

89.56±36.5, 129.50±25.8, 72.15±48.4 and 78.01±41.9 respectively.  

4.2.8. Hardness: 

 The hardness ranged between a minimum of 12.03±3.1 to a maximum of 41.60±2.3 

during the study period from November 2014 to October 2016. At site 1, the minimum and 

maximum hardness was recorded as 13.85±2.6 and 40.50±1.2, respectively. On the same site, the 

averages were 38.5±1.6, 22.86±3.2, 14.20±4.1 and 19.83±3.9 respectively. At site 2, the 

minimum and maximum hardness was recorded as 13.21±4.2 and 41.60±2.1, respectively. On 
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the same site, the averages were 39.6±2.3, 23.15±2.7, 14.35±4.2 and 20.01±2.7 respectively. At 

site 3, the minimum and maximum hardness was recorded as 12.86±4.9 and 41.00±2.8, 

respectively. On the same site, the averages were 38.0±3.2, 22.75±3.7, 14.01±3.7 and 20.12±3.1 

respectively. 

At site 4, the minimum and maximum hardness was recorded as 12.03±3.7 and 

38.96±2.9, respectively. On the same site, the Winter, Spring, Summer and Autumn averages 

were 40.2±2.1, 23.60±3.2, 13.99±4.6 and 18.99±2.1 respectively. At site 5, the minimum and 

maximum hardness was recorded as 12.11±4.1 and 41.20±2.6, respectively. On the same site, the 

averages were 39.5±2.1, 23.41±3.2, 14.25±3.6 and 19.62±2.3 respectively.  

4.2.9. Nitrate: 

 The nitrate ranged between a minimum of 0.009±0.005 to a maximum of 0.073±0.014 

during the study period from November 2014 to October 2016. At site 1, the minimum and 

maximum nitrate was recorded as 0.012±0.008 and 0.072±0.013, respectively. On the same site, 

the averages were 0.012±0.005, 0.035±0.008, 0.072±0.004 and 0.052±0.011 respectively. At site 

2, the minimum and maximum nitrate was recorded as 0.011±0.008 and 0.062±0.013, 

respectively. On the same site, the averages were 0.011±0.006, 0.031±0.014, 0.062±0.011 and 

0.054±0.019 respectively. At site 3, the minimum and maximum nitrate was recorded as 

0.012±0.003 and 0.073±0.015, respectively. On the same site, the averages were 0.012±0.007, 

0.038±0.018, 0.073±0.014 and 0.049±0.016 respectively. 
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At site 4, the minimum and maximum nitrate was recorded as 0.009±0.003 and 

0.066±0.014, respectively. On the same site, the averages were 0.009±0.004, 0.025±0.011, 

0.066±0.017 and 0.050±0.015 respectively. At site 5, the minimum and maximum nitrate was 

recorded as 0.009±0.003 and 0.057±0.019, respectively. On the same site, the averages were 

0.009±0.002, 0.034±0.011, 0.057±0.013 and 0.054±0.016 respectively.  

4.2.10. Phosphate: 

 The phosphate ranged between a minimum of 0.048±0.002 to a maximum of 0.087 

±0.001 during the study period from November 2014 to October 2016. At site 1, the minimum 

and maximum phosphate was recorded as 0.051±0.002 and 0.073±0.001, respectively. On the 

same site, the averages were 0.051±0.002, 0.065±0.002, 0.073±0.001 and 0.062±0.002 

respectively. At site 2, the minimum and maximum phosphate was recorded as 0.057±0.002 and 

0.087±0.001, respectively. On the same site, the averages were 0.057±0.002, 0.063±0.002, 

0.087±0.001 and 0.061±0.002 respectively. At site 3, the minimum and maximum phosphate was 

recorded as 0.050±0.002 and 0.080±0.001, respectively. On the same site, averages were 

0.050±0.002, 0.064±0.002, 0.080±0.001 and 0.057±0.002 respectively. 

At site 4, the minimum and maximum phosphate was recorded as 0.048±0.002 and 

0.070±0.001, respectively. On the same site, the averages were 0.048±0.002, 0.065±0.002, 

0.070±0.001 and 0.057±0.002 respectively. At site 5, the minimum and maximum phosphate was 

recorded as 0.052±0.002 and 0.086±0.001, respectively. On the same site, the averages were 

0.052±0.002, 0.060±0.002, 0.086±0.001 and 0.053±0.002 respectively.  
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4.2.11. Conductivity: 

 The conductivity ranged between a minimum of 0.101±0.002 to a maximum of 

0.217±0.001 during the study period from November 2014 to October 2016. At site 1, the 

minimum and maximum conductivity was recorded as 0.103±0.002 and 0.214±0.001, 

respectively. On the same site, the winter, averages were 0.176±0.002, 0.210±0.001, 

0.170±0.002 and 0.112±0.002 respectively. At site 2, the minimum and maximum conductivity 

was recorded as 0.102±0.002 and 0.215±0.001, respectively. On the same site, the averages were 

0.168±0.002, 0.211±0.001, 0.175±0.002 and 0.113±0.002 respectively. At site 3, the minimum 

and maximum conductivity was recorded as 0.104±0.002 and 0.217±0.001, respectively. On the 

same site, the averages were 0.171±0.002, 0.210±0.001, 0.179±0.002 and 0.113±0.002 

respectively. 

At site 4, the minimum and maximum conductivity was recorded as 0.102±0.002 and 

0.214±0.001, respectively. On the same site, the averages were 0.172±0.002, 0.204±0.001, 

0.169±0.002 and 0.114±0.002 respectively. At site 5, the minimum and maximum conductivity 

was recorded as 0.101 and 0.216±0.001, respectively. On the same site, the averages were 

0.178±0.002, 0.211±0.001, 0.168±0.002 and 0.113±0.002 respectively.  
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Table 2: Physico Chemical Parameters of various study sites of Dikhu river system 

 Sites Average ± SD Min Max Winter Av Spring Av Summer Av Autumn Av 

W
a
te

r 
 

T
em

p
er

a
tu

re
 

Site 1 18.75±1.52 10.00 27.5 10.61 23.50 27.5 24.22 

Site 2 19.30±2.02 9.80 28.8 10.01 22.90 28.8 23.70 

Site 3 18.94±1.40 9.99 27.9 10.50 22.60 27.9 23.25 

Site 4 19.05±1.97 10.30 27.8 10.92 22.00 27.8 24.15 

Site 5 18.87±2.96 10.25 27.5 10.95 22.90 27.5 23.84 

         

T
u

rb
id

it
y
 

Site 1 47.10±8.5 8.56 85.65 9.97 57.21 77.56 24.71 

Site 2 48.02±10.2 9.06 86.99 10.42 60.24 78.92 25.65 

Site 3 49.61±9.5 9.01 90.22 9.82 58.11 80.12 28.72 

Site 4 47.97±8.65 9.62 86.32 10.11 59.34 78.95 25.69 

Site 5 47.58±10.2 9.81 85.36 11.22 61.25 78.65 26.55 

         

p
H

 

Site 1 7.94±1.55 7.59 8.30 8.20 7.72 7.68 8.23 

Site 2 7.97±1.38 7.62 8.32 7.92 7.75 7.59 8.21 

Site 3 7.83±1.12 7.51 8.15 8.05 7.80 7.62 8.09 

Site 4 7.93±1.59 7.62 8.24 8.15 7.69 7.65 7.96 

Site 5 7.94±1.11 7.62 8.26 8.20 7.71 7.70 8.12 

         

D
is

so
lv

ed
 

O
x
y
g
en

 

Site 1 10.3 ± 1.48 8.05 12.55 12.45 8.53 8.33 9.37 

Site 2 10.2 ± 1.60 8.12 12.27 12.06 9.03 8.39 9.35 

Site 3 10.2 ± 1.49 8.24 12.12 11.59 8.56 8.45 8.71 

Site 4 10.2 ± 1.67 7.99 12.49 12.42 8.66 8.03 9.20 

Site 5 10.1 ± 1.49 7.96 12.36 12.23 8.79 8.08 9.27 

         

C
a
rb

o
n

 

d
io

x
id

e 

Site 1 7.39 ± 1.27 5.21 9.58 5.33 6.22 6.27 9.33 

Site 2 7.37 ± 0.98 5.20 9.54 5.25 6.18 6.32 9.21 

Site 3 7.46 ± 1.11 5.24 9.68 5.35 6.28 6.42 9.34 

Site 4 7.35 ± 1.16 5.11 9.59 5.32 6.34 6.18 9.33 

Site 5 7.30 ± 1.12 5.17 9.44 5.40 6.19 6.21 9.17 

         

W
a
te

r 
v
el

o
ci

ty
 

(m
/s

) 

Site 1 0.356 ± 0.01 0.182 0.530 0.196 0.42 0.518 0.287 

Site 2 0.360± 0.10 0.185 0.535 0.192 0.45 0.520 0.292 

Site 3 0.355± 0.09 0.179 0.531 0.186 0.43 0.519 0.289 

Site 4 0.358± 0.08 0.181 0.536 0.188 0.42 0.521 0.285 

Site 5 0.356± 0.00 0.171 0.542 0.179 0.45 0.520 0.276 

         



71 
 

--------- Continued ---------- 

A
lk

a
li

n
it

y
 

Sites Average ± SD Min Max Winter Av Spring Av Summer Av Autumn Av 

Site 1 104.0±65.2 71.21 136.8 89.31 134.55 72.95 77.00 

Site 2 104.4±59.9 71.60 137.2 90.12 135.65 73.50 75.65 

Site 3 106.6±41.9 73.65 139.6 89.65 138.24 75.65 75.55 

Site 4 103.2±25.29 70.21 136.2 91.20 133.60 72.65 77.25 

Site 5 101.2±36.2 71.02 131.5 89.56 129.50 72.15 78.01 

         

H
a
rd

n
es

s 

Site 1 27.17±2.2 13.85 40.50 38.5 22.86 14.20 19.83 

Site 2 27.40±3.2 13.21 41.60 39.6 23.15 14.35 20.01 

Site 3 26.93±2.7 12.86 41.00 38.0 22.75 14.01 20.12 

Site 4 25.49±2.9 12.03 38.96 40.2 23.60 13.99 18.99 

Site 5 26.65±2.9 12.11 41.20 39.5 23.41 14.25 19.62 

         

N
it

ra
te

 

Site 1 0.042±0.018 0.012 0.072 0.012 0.035 0.072 0.052 

Site 2 0.036±0.016 0.011 0.062 0.011 0.031 0.062 0.054 

Site 3 0.042±0.018 0.012 0.073 0.012 0.038 0.073 0.049 

Site 4 0.030±0.018 0.009 0.066 0.009 0.025 0.066 0.050 

Site 5 0.033±0.014 0.009 0.057 0.009 0.034 0.057 0.054 

         

P
h

o
sp

h
a
te

 

Site 1 0.062±0.000 0.051 0.073 0.051 0.065 0.073 0.062 

Site 2 0.072±0.002 0.057 0.087 0.057 0.063 0.087 0.061 

Site 3 0.065±0.002 0.050 0.080 0.050 0.064 0.080 0.057 

Site 4 0.059±0.001 0.048 0.070 0.048 0.065 0.070 0.057 

Site 5 0.069±0.000 0.052 0.086 0.052 0.060 0.086 0.053 

         

C
o
n

d
u

ct
iv

it
y
 

(m
S

/c
m

) 

Site 1 0.158± 0.001 0.103 0.214 0.176 0.210 0.170 0.112 

Site 2 0.158± 0.000 0.102 0.215 0.168 0.211 0.175 0.113 

Site 3 0.160± 0.002 0.104 0.217 0.171 0.210 0.179 0.113 

Site 4 0.158± 0.000 0.102 0.214 0.172 0.204 0.169 0.114 

Site 5 0.158± 0.002 0.101 0.216 0.178 0.211 0.168 0.113 
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4.3. Pollution Indices 

In order to establish the level of pollution at different sampling stations of  Dikhu river, 

the pollution indicators were used for the assess, which revealed the level of pollution in Dikhu 

River owing to the combined effect produced by different factors (Table 3). The Site 1 

(LongmisaNoksen) showed moderate pollution level, documented by indices, which include 

WQI (78), D (0.77), OPI (3.12) and PPI (15), which was followed by Site 2 (Longmisa- 

Chuchu), which showed most congenial condition with water quality index value of 90, pertinent 

to Site 1. However Simpson’s Diversity Index (D), was comparatively lower (0.71) than site 1. 

Similarly organic pollution index was lower (1.03) at site 2 than site 1, along with Palmer’s 

pollution index (2). Site 3 (Longkong) showed WQI of 69, D value of 1.65, OPI value of 4.84 

and PPI value of 12. As compared to site 1, site 3 showed much lower index values, showing 

lesser pollution status. As compared to site 3, site 4 (Changtongya Yaongyimsen) showed 

linearly low value for WQI (86), Simpson’s D (0.83), OPI value (1.91) and PPI value (5). Site 5 

(Changtongya Longleng) was comparatively less polluted than sites 2 and 4 with WQI value of 

84, Simpson’s D value of 0.79, OPI value of 2.23 and PPI value of 5.  
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Table 3: Organic Pollution index values of different sampling stations of Dikhu River 

Sampling station Name WQI D OPI Value PPI 

1 Longmisa Noksen 78 0.77 3.12 10 

2 Longmisa- Chuchu 90 0.71 1.03 2 

3 Longkong 69 1.65 4.84 12 

4 Changtongya Yaongyimsen 86 0.83 1.91 3 

5 Changtongya Longleng 84 0.79 2.23 5 

 

WQI = Water Quality Index; D = Shannon’s Diversity Index; OPI = Organic Pollution Indicator; 

PPI = Palmer’s Pollution Index 

4.5. Macrozoobenthos 

 The macrozoobenthos population in a river ecosystem is witnessed by the diverse 

population of pollution resistant species in different river zones. The macrozoobenthos diversity 

at five different sites in Dikhu River is depicted. During the present study, three broad groups of 

macrozoobenthos were observed, which included Arthropoda, Annelida and Mollusca. The 

Arthropoda comprised of the dominant species with over 15 taxa at site 1, followed by Annelida, 

which constituted of 3 taxa. Mollusca were more or less had same number of taxa (3) as 

Annelida. Arthropoda dominated the macrozoobenthos population at site 1, with abundance (%) 

of 41.4. The Shannon H was highest (1.58), with Evenness (e H/S) of 0.98 and Margalef 

Richness (S) of 0.5155. While as Simpson’s dominance (1-D) showed a value of 0.2017. 

Annelida followed the dominant macrozoobenthos population at site 1, with abundance (%) of 

40.7. The Shannon H was (1.528), with Evenness (e H/S) of 0.95 and Margalef Richness (S) of 

0.5168. While as Simpson’s dominance (1-D) showed a value of 0.2029, which was higher than 
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the dominant Arthropoda. Mollusca followed the two dominant macrozoobenthos population at 

site 1, with abundance (%) of 17.9. The Shannon H was (1.594), with Evenness (e H/S) of 0.99 

and Margalef Richness (S) of 0.5781. While as Simpson’s dominance (1-D) showed a value of 

0.2054, which was higher than the dominant Arthropoda and Annelida (Table 4).  

At site 2, the number of taxa for five macrozoobenthos was higher in comparison to other 

sites. Arthropoda dominated the macrozoobenthos population, with abundance (%) of 51.1. The 

Shannon H was highest (1.588), with Evenness (e H/S) of 0.99 and Margalef Richness (S) of 

0.4454. While as Simpson’s dominance (1-D) showed a value of 0.2092, which was lesser than 

Annelida. Annelida followed the dominant macrozoobenthos population Arthropoda, with 

abundance (%) of 28. The Shannon H was (1.551), with Evenness (e H/S) of 0.96 and Margalef 

Richness (S) of 0.4751. While as Simpson’s dominance (1-D) showed a value of 0.2229, which 

was higher than the dominant Arthropoda. Mollusca followed the two dominant 

macrozoobenthos population at site 2, with abundance (%) of 20.9. The Shannon H was (1.464), 

with Evenness (e H/S) of 0.91 and Margalef Richness (S) of 0.4945. While as Simpson’s 

dominance (1-D) showed a value of 0.2518, which was lower than the dominant Arthropoda and 

Annelida (Table 5). 

At site 3, the taxa composition for all the three species was least than other sites. 

Arthropoda dominated the macrozoobenthos population, with abundance (%) of 51.0. The 

Shannon H was highest (1.607), with Evenness (e H/S) of 1.01 and Margalef Richness (S) of 

0.518. While as Simpson’s dominance (1-D) showed a value of 0.2004, which was higher than 
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Annelida. Annelida followed the dominant macrozoobenthos population Arthropoda, with 

abundance (%) of 31.1. The Shannon H was (1.602), with Evenness (e H/S) of 0.99 and 

Margalef Richness (S) of 0.5533. While as Simpson’s dominance (1-D) showed a value of 

0.2022, which was lower than the dominant Arthropoda. Mollusca followed Annelida population 

at site 3, with abundance (%) of 17.9. The Shannon H was (1.572), with Evenness (e H/S) of 

0.98 and Margalef Richness (S) of 0.5993. While as Simpson’s dominance (1-D) showed a value 

of 0.2149, which was higher than the dominant Arthropoda (Table 6). 

Similarly, at site 4, the Arthropoda comprised of the dominant species with 15 taxa, 

followed by Annelida and Mollusca, which constituted of 3 taxa each. Arthropoda dominated the 

macrozoobenthos population, with abundance (%) of 40.1. The Shannon H was highest (1.608), 

with Evenness (e H/S) of 1.00 and Margalef Richness (S) of 0.4762. While as Simpson’s 

dominance (1-D) showed a value of 0.2003. Annelida followed the dominant macrozoobenthos 

population Arthropoda, with abundance (%) of 32.5. The Shannon H was (1.605), with Evenness 

(e H/S) of 1.01 and Margalef Richness (S) of 0.4883. While as Simpson’s dominance (1-D) 

showed a value of 0.2015, which was lower than the dominant Arthropoda. Mollusca followed 

Annelida population at site 4, with abundance (%) of 27.4. The Shannon H was (1.505), with 

Evenness (e H/S) of 0.94 and Margalef Richness (S) of 0.4989. While as Simpson’s dominance 

(1-D) showed a value of 0.2322 (Table 7). 

At site 5, the Arthropoda yet again comprised of the dominant species with over 15 taxa, 

followed by Annelida and Mollusca, which constituted of 3 taxa each. Arthropoda dominated the 
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macrozoobenthos population, with abundance (%) of 44.0. The Shannon H was highest (1.605), 

with Evenness (e H/S) of 1.00 and Margalef Richness (S) of 0.4913. While as Simpson’s 

dominance (1-D) showed a value of 0.2015, which was higher than Annelida. Annelida followed 

the dominant macrozoobenthos population Arthropoda, with abundance (%) of 32.9. The 

Shannon H was (1.599), with Evenness (e H/S) of 0.99 and Margalef Richness (S) of 0.5096. 

While as Simpson’s dominance (1-D) showed a value of 0.2039, which was higher than the 

dominant Arthropoda. Mollusca followed the two dominant macrozoobenthos population at site 

5, with abundance (%) of 23.1. The Shannon H was (1.603), with Evenness (e H/S) of 1.00 and 

Margalef Richness (S) of 0.5335. While as Simpson’s dominance (1-D) showed a value of 0.202, 

which was higher than the both Arthropoda and Annelida (Table 8). 

Table 9 depicts the site wise macrozoobenthos diversity indices of Dikhu river, studied 

during the present research work. It is clear from the table that the species richness was 3 for all 

the study sites. The Shannon Entropy (H’) was highest for site 2, followed by other subsequent 

sites. The Shannon equitability (H’/Hmax) was 98.9% for site 2, followed by site 4 (97.6%). 

Linearly lower values for Shannon Entropy (H’) and Shannon equitability (H’/Hmax) were 

recorded in other sites, with higher values at site 2. Similar results were observed for Gini-

Simpson Index (1- ), with 65.9% for site 2 and 64.7% for site 4, followed by other sites. Gini 

equitability ( max)) and predicted equitability for unbiased finite samples lent the same 

results. However, Berger Parker Index (max(pi)) showed varied values for all sites. The three 

dominant sites showed the Berger Parker Index values of 65.4 (site 2), 61.1 (site 4) and 60.4 (site 

5). 
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Macrozoobenthos true diversity (qD) and Renyi Entropy (qH) calculated during the 

present research work is presented in Table 10. The generalized mean for infinite orders (q) was 

calculated using species diversity calculator.  The true diversity (qD) and Renyi Entropy (qH) at 

all the sites for q = 0 (harm) was 3.00 and 1.10 respectively, which showed lower values for 

infinite samples.  
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Table 4: Species diversity and richness indices of macrozoobenthos species at Site 1  

Parameters 
Arthropoda Annelida Mollusca 

Taxa_S (no. of species) 
15 3 3 

Individuals (nos./ sampling area) 
2342 2300 1012 

Abundance% 41.4 40.7 17.9 

Simpson _ 1-D 0.2017 0.2029 0.2054 

Shannon _ H 1.5810 1.528 1.594 

Eveness _ e H/S 0.98 0.95 0.99 

Margalef 0.5155 0.5168 0.5781 

FBI 
7.01 6.25 5 

Cb2 
7.59 7.42 6.09 

 

Table 5: Species diversity and richness indices of macrozoobenthos species at Site 2 

Parameters 
Arthropoda Annelida Mollusca 

Taxa_S (no. of species) 
15 3 3 

Individuals (nos./ sampling area) 
5813 3931 3124 

Abundance% 51.1 28 20.9 

Simpson _ 1-D 0.2092 0.2229 0.2518 

Shannon _ H 1.588 1.551 1.464 

Eveness _ e H/S 0.99 0.96 0.91 

Margalef 0.4454 0.4751 0.4945 

FBI 8.2 7.5 5.9 

Cb2 9.01 8.54 7.21 
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Table 6: Species diversity and richness indices of macrozoobenthos species at Site 3  

Parameters 
Arthropoda Annelida Mollusca 

Taxa_S (no. of species) 
15 3 3 

Individuals (nos./ sampling area) 
2256 1378 813 

Abundance% 51.0 31.1 17.9 

Simpson _ 1-D 0.2004 0.2022 0.2149 

Shannon _ H 1.607 1.602 1.572 

Eveness _ e H/S 1.01 0.99 0.98 

Margalef 0.518 0.5533 0.5993 

FBI 
6.56 5.97 4.69 

Cb2 
7.55 6.98 5.89 

 

Table 7: Species diversity and richness indices of macrozoobenthos species at Site 4 

Parameters 
Arthropoda Annelida Mollusca 

Taxa_S (no. of species) 
15 3 3 

Individuals (nos./ sampling area) 
4367 3617 3089 

Abundance% 40.1 32.5 27.4 

Simpson _ 1-D 0.2003 0.2015 0.2322 

Shannon _ H 1.608 1.605 1.505 

Eveness _ e H/S 1.00 1.01 0.94 

Margalef 0.4762 0.4883 0.4989 

FBI 8.1 8.0 6.02 

Cb2 8.91 8.08 7.21 
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Table 8: Species diversity and richness indices of macrozoobenthos species at Site 5  

Parameters 
Arthropoda Annelida Mollusca 

Taxa_S (no. of species) 
15 3 3 

Individuals (nos./ sampling area) 
3432 2564 1804 

Abundance% 44.0 32.9 23.1 

Simpson _ 1-D 0.2015 0.2039 0.202 

Shannon _ H 1.605 1.599 1.603 

Eveness _ e H/S 1.00 0.99 1.00 

Margalef 0.4913 0.5096 0.5335 

FBI 
7.01 7.05 5.1 

Cb2 
8.06 8.01 6.59 

 

      Table 9: Macrozoobenthos Diversity Indices of R. Dikhu  

Parameters Site 1 Site 2 Site 3 Site 4 Site 5 

Richness R = 0D: 3.00 3.00 3.00 3.00 3.00 

Shannon Entropy 
H' = ln(1D): 1.010 1.007 1.006 1.016 1.013 

Shannon's equitability (%) 

H'/Hmax 92.9 98.9 91.5 97.6 95.4 

Simpson Dominance (%) 

=1/2D 35.3 38.9 33.1 37.6 36.4 

unbiased (finite samples): (%) 35.8 38.9 34.5 37.7 36.4 

Gini-Simpson Index (1-) (%) 62.9 65.9 61.1 64.7 64.2 

unbiased (finite samples): (%) 61.9 64.5 60.1 63.7 63.1 

equitability /(1-max): (%) 94.8 98.7 91.6 97.5 96.7 

Berger-Parker Index max(pi)=1/∞D(%) 54.1 65.4 51.5 61.1 60.4 
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Table 10: Macrozoobenthos true diversity and Renyi Entropy for Dikhu River 

Sample 

sites 

Parameters Diversity Indices 

Order q: 0 1 2 3 4 ∞ 

Generalized Mean: harm geom avg rms - inf 

1 Hill Numbers -True Diversity qD: 3.00 2.87 2.66 2.67 2.69 2.26 

Renyi Entropy qH: 1.10 0.93 0.91 0.81 0.81 0.72 

        

2 Hill Numbers -True Diversity qD: 3.00 2.98 2.93 2.89 2.86 2.50 

Renyi Entropy qH: 1.10 1.09 1.07 1.06 1.05 0.91 

        

3 Hill Numbers -True Diversity qD: 3.00 2.81 2.58 2.61 2.61 2.17 

Renyi Entropy qH: 1.10 0.86 0.84 0.77 0.79 0.69 

        

4 Hill Numbers -True Diversity qD: 3.00 2.94 2.83 2.75 2.81 2.48 

Renyi Entropy qH: 1.10 1.06 1.02 0.97 0.95 0.88 

        

5 Hill Numbers -True Diversity qD: 3.00 2.91 2.77 2.72 2.78 2.41 

Renyi Entropy qH: 1.10 1.01 0.97 0.89 0.85 0.77 

 

 

4.6. Correlation between water parameters and Macrozoobenthos abundance  

To study the relationship between the Physico-chemical parameters and freshwater Benthic 

macro-invertebrates Pearson’s correlation coefficient (r) was used. Correlation analysis provides 

us information about the relationship between the two variables but it does not tell us about the 

cause and effect of relationship. If both the variables are changing in the same direction, that 

means both are increasing or both are decreasing, then there is a positive correlation between the 

two variables. If the two variables change in opposite direction, then they possess negative 

correlation. 
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r = 1 is considered to be perfect positive correlation. 

0 < r < 0.39 is considered to be low positive correlation. 

0.40 < r < 0.69 is considered to be moderate positive correlation. 

0.70< r< 0.99 is considered to be high positive correlation. 

-0.39< r< -0.1 is considered to be low negative correlation. 

-0.69< r< -0.40 is considered to be moderate negative correlation. 

-0.99< r< -0.70 is considered to be high negative correlation. 

4.6.1 Correlation between Physico- chemical parameters and benthic macro invertebrates 

at site 1 in Dikhu River: 

Negative correlation (r = -0.009) between temperature and arthropoda was observed however 

temperature and Annelida was positively correlated (r = 0.212). Low negative correlation 

between Temperature and Mollusca was observed (r = -0.007). Positive correlation between pH 

and Arthropoda (r = 0.009) and Annelida (r = 0.114) was observed. Correlation between pH and 

Mollusca was negatively correlated (r = -0.023). Correlation between transparency and 

Arthropoda was observed as r = 0.752. Correlation between transparency and Annelida was 

observed as r = 0.579. Thus Annelida showed moderate positive correlation with transparency. 

Correlation between transparency and Mollusca was observed as r = 0.657. Thus Mollusca 

showed moderate positive correlation with transparency. Correlation between Dissolved oxygen 
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and Arthropoda was observed as r = 0.212. Thus Arthropoda showed low positive correlation 

with Dissolved oxygen. Correlation between Dissolved oxygen and Annelida was observed as r 

= -0.512. Thus Annelida showed moderate negative correlation with Dissolved oxygen. 

Correlation between Dissolved oxygen and Mollusca was observed as r = 0.221. Thus Mollusca 

showed low positive correlation with Dissolved oxygen. Correlation between Biological oxygen 

demand and Arthropoda was observed as r= -0.501. Thus Arthropoda showed moderate negative 

correlation with biological oxygen demand. Correlation between Biological oxygen demand and 

Annelida was observed as r = 0.279. Thus Gastropods showed low positive correlation with 

biological oxygen demand. Correlation between Biochemical oxygen demand and Mollusca was 

observed as r = -0.498. Thus Mollusca showed moderate negative correlation with Biological 

oxygen demand. Correlation between Total hardness and Arthropoda was observed as r = 0.412. 

Thus Arthropoda showed moderate positive correlation with Total hardness. Correlation between 

Total hardness and Annelida was observed as r = 0.568. Thus Total hardness showed moderate 

positive correlation with Total hardness. Correlation between Total hardness and Mollusca was 

observed as r = 0.354. Thus Mollusca showed low positive correlation with Total hardness. 

Correlation between Alkalinity and Arthropoda was observed as r = 0.796. Thus Alkalinity 

showed high positive correlation with Alkalinity. Correlation between Alkalinity and Annelida 

was observed as r = -0.212. Thus Annelida showed low negative correlation with Alkalinity. 

Correlation between Alkalinity and Mollusca was observed as r = 0.771. Thus Mollusca showed 

high positive correlation with Alkalinity. Correlation between Chloride and Arthropoda was 

observed as r = - 0.198. Thus Arthropoda showed low negative correlation with Chloride. 
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Correlation between Chloride and Annelida was observed as r = -0.589. Thus Annelida showed 

moderate positive correlation with Chloride. Correlation between Chloride and Mollusca was 

observed as r = -0.123. Thus Annelida showed low negative correlation with Chloride. 

Correlation between Nitrate and Arthropoda was observed as r = 0.767. Thus Arthropoda 

showed high positive correlation with Nitrate. Correlation between Nitrate and Annelida was 

observed as r = 0.555. Thus Annelida showed moderate positive correlation with Nitrate. 

Correlation between Nitrate and Mollusca was observed as r = 0.754. Thus Annelida showed 

high positive correlation with Nitrate. Correlation between Phosphate and Arthropoda was 

observed as r = 0.771. Thus Arthropoda showed high positive correlation with Phosphate. 

Correlation between Phosphate and Annelida was observed as r = 0.721. Thus Annelida showed 

high positive correlation with Phosphate. Correlation between Phosphate and Mollusca was 

observed as r = 0.712. Thus Annelida showed high positive correlation with Phosphate. 

4.6.2 Correlation between Physico- chemical parameters and benthic macro invertebrates 

at site 2 in Dikhu River: 

Correlation between Temperature and Arthropoda was observed as r = 0.022. Thus Arthropoda 

showed low positive correlation with Temperature. Correlation between Temperature and 

Annelida was observed as r = 0.057. Thus Annelida showed low positive correlation with 

Temperature. Correlation between Temperature and Mollusca was observed as r = 0.011. Thus 

Mollusca showed low positive correlation with Temperature. Correlation between pH and 

Arthropoda was observed as r = 0.071. Thus Arthropoda showed low positive correlation with 
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pH. Correlation between pH and Annelida was observed as r = -0.002. Thus Annelida showed 

low negative correlation with pH. Correlation between pH and Mollusca was observed as r = 

0.001. Thus Mollusca showed low positive correlation with pH. Correlation between 

Transparency and Arthropoda was observed as r = 0.781. Thus Annelida showed high positive 

correlation with Transparency. Correlation between Transparency and Annelida was observed as 

r = 0.578. Thus Annelida showed moderate positive correlation with Transparency. Correlation 

between transparency and Mollusca was observed as r = 0.712. Thus Mollusca showed moderate 

positive correlation with transparency. Correlation between Dissolved oxygen and Arthropoda 

was observed as r = 0.212. Thus Arthropoda showed low positive correlation with Dissolved 

oxygen. Correlation between Dissolved oxygen and Annelida was observed as r = 0.121. Thus 

Annelida showed low positive correlation with Dissolved oxygen. Correlation between 

Dissolved oxygen and Mollusca was observed as r = 0.212. Thus Mollusca showed low positive 

correlation with Dissolved oxygen. Correlation between Biological oxygen demand and 

Arthropoda was observed as r= -0.521. Thus Arthropoda showed low negative correlation with 

Biological oxygen demand. Correlation between Biological oxygen demand and Annelida was 

observed as r = -0.501. Thus Annelida showed low negative correlation with Biological oxygen 

demand. Correlation between Biochemical oxygen demand and Mollusca was observed as r = -

0.602. Thus Mollusca showed low negative correlation with Biological oxygen demand. 

Correlation between Total hardness and Arthropoda was observed as r = 0.125. Thus Arthropoda 

showed low positive correlation with Total hardness. Correlation between Total hardness and 

Annelida was observed as r = 0.245. Thus Total hardness showed low positive correlation with 
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Total hardness. Correlation between Total hardness and Mollusca was observed as r = 0.212. 

Thus Mollusca showed low positive correlation with Total hardness. Correlation between 

Alkalinity and Arthropoda was observed as r = -0.055. Thus Alkalinity showed low negative 

correlation with Alkalinity. Correlation between Alkalinity and Annelida was observed as r = -

0.025. Thus Annelida showed low negative correlation with Alkalinity. Correlation between 

Alkalinity and Mollusca was observed as r = -0.088. Thus Mollusca showed low negative 

correlation with Alkalinity. Correlation between Chloride and Arthropoda was observed as r = 

0.501. Thus Arthropoda showed moderate positive correlation with Chloride. Correlation 

between Chloride and Annelida was observed as r = 0.502. Thus Annelida showed moderate 

positive correlation with Chloride. Correlation between Chloride and Mollusca was observed as r 

= 0.487. Thus Annelida showed low positive correlation with Chloride. Correlation between 

Nitrate and Arthropoda was observed as r = 0.701. Thus Arthropoda showed high positive 

correlation with Nitrate. Correlation between Nitrate and Annelida was observed as r = 0.617. 

Thus Annelida showed moderate positive correlation with Nitrate. Correlation between Nitrate 

and Mollusca was observed as r = 0.666. Thus Annelida showed high positive correlation with 

Nitrate. Correlation between Phosphate and Arthropoda was observed as r = 0.661. Thus 

Arthropoda showed high positive correlation with Phosphate. Correlation between Phosphate 

and Annelida was observed as r = 0.802. Thus Annelida showed high positive correlation with 

Phosphate. Correlation between Phosphate and Mollusca was observed as r = 0.802-. Thus 

Annelida showed high positive correlation with Phosphate. 
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4.6.3 Correlation between Physico- chemical parameters and benthic macro invertebrates 

at site 3 in Dikhu River: 

Correlation between Temperature and Arthropoda was observed as r = -0.212. Thus Arthropoda 

showed low negative correlation with Temperature. Correlation between Temperature and 

Annelida was observed as r = -0.11. Thus Annelida showed low positive correlation with 

Temperature. Correlation between Temperature and Mollusca was observed as r = 0.225. Thus 

Mollusca showed low positive correlation with Temperature. Correlation between pH and 

Arthropoda was observed as r = 0.017. Thus Arthropoda showed low positive correlation with 

pH. Correlation between pH and Annelida was observed as r = -0.055. Thus Annelida showed 

low negative correlation with pH. Correlation between pH and Mollusca was observed as r = 

0.085. Thus Mollusca showed low positive correlation with pH. Correlation between 

Transparency and Arthropoda was observed as r = 0.910. Thus Annelida showed high positive 

correlation with Transparency. Correlation between Transparency and Annelida was observed as 

r = 0.821. Thus Annelida showed moderate positive correlation with Transparency. Correlation 

between transparency and Mollusca was observed as r = 0.552. Thus Mollusca showed moderate 

positive correlation with transparency. Correlation between Dissolved oxygen and Arthropoda 

was observed as r = -0.512. Thus Arthropoda showed low negative correlation with Dissolved 

oxygen. Correlation between Dissolved oxygen and Annelida was observed as r = -0.337. Thus 

Annelida showed low negative correlation with Dissolved oxygen. Correlation between 

Dissolved oxygen and Mollusca was observed as r = -0.127. Thus Mollusca showed low 

negative correlation with Dissolved oxygen. Correlation between Biological oxygen demand and 
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Arthropoda was observed as r= -0.555. Thus Arthropoda showed low negative correlation with 

Biological oxygen demand. Correlation between Biological oxygen demand and Annelida was 

observed as r = -0.422. Thus Annelida showed low negative correlation with Biological oxygen 

demand. Correlation between Biochemical oxygen demand and Mollusca was observed as r = -

0.087. Thus Mollusca showed low negative correlation with Biological oxygen demand. 

Correlation between Total hardness and Arthropoda was observed as r = 0.578. Thus Arthropoda 

showed low positive correlation with Total hardness. Correlation between Total hardness and 

Annelida was observed as r = 0.782. Thus Total hardness showed high positive correlation with 

Total hardness. Correlation between Total hardness and Mollusca was observed as r = 0.910. 

Thus Mollusca showed high positive correlation with Total hardness. Correlation between 

Alkalinity and Arthropoda was observed as r = 0.540. Thus Alkalinity showed low positive 

correlation with Alkalinity. Correlation between Alkalinity and Annelida was observed as r = 

0.452. Thus Annelida showed low positive correlation with Alkalinity. Correlation between 

Alkalinity and Mollusca was observed as r = 0.315. Thus Mollusca showed low positive 

correlation with Alkalinity. Correlation between Chloride and Arthropoda was observed as r = -

0.252. Thus Arthropoda showed low negative correlation with Chloride. Correlation between 

Chloride and Annelida was observed as r = -0.122. Thus Annelida showed low negative 

correlation with Chloride. Correlation between Chloride and Mollusca was observed as r = 

0.091. Thus Annelida showed low positive correlation with Chloride. Correlation between 

Nitrate and Arthropoda was observed as r = 0.662. Thus Arthropoda showed high positive 

correlation with Nitrate. Correlation between Nitrate and Annelida was observed as r = 0.683. 
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Thus Annelida showed moderate positive correlation with Nitrate. Correlation between Nitrate 

and Mollusca was observed as r = 0.567. Thus Annelida showed high positive correlation with 

Nitrate. Correlation between Phosphate and Arthropoda was observed as r = 0.457. Thus 

Arthropoda showed high positive correlation with Phosphate. Correlation between Phosphate 

and Annelida was observed as r = 0.662. Thus Annelida showed high positive correlation with 

Phosphate. Correlation between Phosphate and Mollusca was observed as r = 0.685. Thus 

Annelida showed high positive correlation with Phosphate. 

4.6.4 Correlation between Physico- chemical parameters and benthic macro invertebrates 

at site 4 in Dikhu River: 

Correlation between Temperature and Arthropoda was observed as r = 0.001. Thus Arthropoda 

showed low positive correlation with Temperature. Correlation between Temperature and 

Annelida was observed as r = 0.296. Thus Annelida showed low positive correlation with 

Temperature. Correlation between Temperature and Mollusca was observed as r = 0.569. Thus 

Mollusca showed low positive correlation with Temperature. Correlation between pH and 

Arthropoda was observed as r = -0.125. Thus Arthropoda showed low negative correlation with 

pH. Correlation between pH and Annelida was observed as r = -0.187. Thus Annelida showed 

low negative correlation with pH. Correlation between pH and Mollusca was observed as r = -

0.115. Thus Mollusca showed low positive correlation with pH. Correlation between 

Transparency and Arthropoda was observed as r = 0.802. Thus Annelida showed high positive 

correlation with Transparency. Correlation between Transparency and Annelida was observed as 
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r = 0.555. Thus Annelida showed moderate positive correlation with Transparency. Correlation 

between transparency and Mollusca was observed as r = 0.268. Thus Mollusca showed moderate 

positive correlation with transparency. Correlation between Dissolved oxygen and Arthropoda 

was observed as r = -0.121. Thus Arthropoda showed low negative correlation with Dissolved 

oxygen. Correlation between Dissolved oxygen and Annelida was observed as r = 0.215. Thus 

Annelida showed low positive correlation with Dissolved oxygen. Correlation between 

Dissolved oxygen and Mollusca was observed as r = 0.512. Thus Mollusca showed low positive 

correlation with Dissolved oxygen. Correlation between Biological oxygen demand and 

Arthropoda was observed as r= -0.657. Thus Arthropoda showed low negative correlation with 

Biological oxygen demand. Correlation between Biological oxygen demand and Annelida was 

observed as r = -0.689. Thus Annelida showed low negative correlation with Biological oxygen 

demand. Correlation between Biochemical oxygen demand and Mollusca was observed as r = -

0.521. Thus Mollusca showed low negative correlation with Biological oxygen demand. 

Correlation between Total hardness and Arthropoda was observed as r = 0.331. Thus Arthropoda 

showed low positive correlation with Total hardness. Correlation between Total hardness and 

Annelida was observed as r = 0.666. Thus Total hardness showed high positive correlation with 

Total hardness. Correlation between Total hardness and Mollusca was observed as r = 0.796. 

Thus Mollusca showed high positive correlation with Total hardness. Correlation between 

Alkalinity and Arthropoda was observed as r = 0.056. Thus Alkalinity showed low positive 

correlation with Alkalinity. Correlation between Alkalinity and Annelida was observed as r = 

0.521. Thus Annelida showed low positive correlation with Alkalinity. Correlation between 
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Alkalinity and Mollusca was observed as r = 0.655. Thus Mollusca showed low positive 

correlation with Alkalinity. Correlation between Chloride and Arthropoda was observed as r = 

0.058. Thus Arthropoda showed low negative correlation with Chloride. Correlation between 

Chloride and Annelida was observed as r = 0.315. Thus Annelida showed low positive 

correlation with Chloride. Correlation between Chloride and Mollusca was observed as r = 

0.551. Thus Annelida showed low positive correlation with Chloride. Correlation between 

Nitrate and Arthropoda was observed as r = 0.512. Thus Arthropoda showed high positive 

correlation with Nitrate. Correlation between Nitrate and Annelida was observed as r = 0.518. 

Thus Annelida showed moderate positive correlation with Nitrate. Correlation between Nitrate 

and Mollusca was observed as r = 0.465. Thus Annelida showed high positive correlation with 

Nitrate. Correlation between Phosphate and Arthropoda was observed as r = 0.536. Thus 

Arthropoda showed high positive correlation with Phosphate. Correlation between Phosphate 

and Annelida was observed as r = 0.702. Thus Annelida showed high positive correlation with 

Phosphate. Correlation between Phosphate and Mollusca was observed as r = 0.788. Thus 

Annelida showed high positive correlation with Phosphate. 

4.6.5 Correlation between Physico- chemical parameters and benthic macro invertebrates 

at site 5 in Dikhu River: 

Correlation between Temperature and Arthropoda was observed as r = 0.012. Thus Arthropoda 

showed low positive correlation with Temperature. Correlation between Temperature and 

Annelida was observed as r = 0.212. Thus Annelida showed low positive correlation with 
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Temperature. Correlation between Temperature and Mollusca was observed as r = 0.446. Thus 

Mollusca showed low positive correlation with Temperature. Correlation between pH and 

Arthropoda was observed as r = -0.025. Thus Arthropoda showed low negative correlation with 

pH. Correlation between pH and Annelida was observed as r = -0.215. Thus Annelida showed 

low negative correlation with pH. Correlation between pH and Mollusca was observed as r = -

0.215. Thus Mollusca showed low positive correlation with pH. Correlation between 

Transparency and Arthropoda was observed as r = 0.745. Thus Annelida showed high positive 

correlation with Transparency. Correlation between Transparency and Annelida was observed as 

r = 0.621. Thus Annelida showed moderate positive correlation with Transparency. Correlation 

between transparency and Mollusca was observed as r = 0.365. Thus Mollusca showed moderate 

positive correlation with transparency. Correlation between Dissolved oxygen and Arthropoda 

was observed as r = -0.215. Thus Arthropoda showed low negative correlation with Dissolved 

oxygen. Correlation between Dissolved oxygen and Annelida was observed as r = 0.325. Thus 

Annelida showed low positive correlation with Dissolved oxygen. Correlation between 

Dissolved oxygen and Mollusca was observed as r = 0.448. Thus Mollusca showed low positive 

correlation with Dissolved oxygen. Correlation between Biological oxygen demand and 

Arthropoda was observed as r= -0.612. Thus Arthropoda showed low negative correlation with 

Biological oxygen demand. Correlation between Biological oxygen demand and Annelida was 

observed as r = -0.712. Thus Annelida showed low negative correlation with Biological oxygen 

demand. Correlation between Biochemical oxygen demand and Mollusca was observed as r = -

0.602. Thus Mollusca showed low negative correlation with Biological oxygen demand. 
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Correlation between Total hardness and Arthropoda was observed as r = 0.335. Thus Arthropoda 

showed low positive correlation with Total hardness. Correlation between Total hardness and 

Annelida was observed as r = 0.511. Thus Total hardness showed high positive correlation with 

Total hardness. Correlation between Total hardness and Mollusca was observed as r = 0.774. 

Thus Mollusca showed high positive correlation with Total hardness. Correlation between 

Alkalinity and Arthropoda was observed as r = 0.045. Thus Alkalinity showed low positive 

correlation with Alkalinity. Correlation between Alkalinity and Annelida was observed as r = 

0.444. Thus Annelida showed low positive correlation with Alkalinity. Correlation between 

Alkalinity and Mollusca was observed as r = 0.625. Thus Mollusca showed low positive 

correlation with Alkalinity. Correlation between Chloride and Arthropoda was observed as r = 

0.066. Thus Arthropoda showed low negative correlation with Chloride. Correlation between 

Chloride and Annelida was observed as r = 0.312. Thus Annelida showed low positive 

correlation with Chloride. Correlation between Chloride and Mollusca was observed as r = 

0.521. Thus Annelida showed low positive correlation with Chloride. Correlation between 

Nitrate and Arthropoda was observed as r = 0.501. Thus Arthropoda showed high positive 

correlation with Nitrate. Correlation between Nitrate and Annelida was observed as r = 0.601. 

Thus Annelida showed moderate positive correlation with Nitrate. Correlation between Nitrate 

and Mollusca was observed as r = 0.442. Thus Annelida showed high positive correlation with 

Nitrate. Correlation between Phosphate and Arthropoda was observed as r = 0.524. Thus 

Arthropoda showed high positive correlation with Phosphate. Correlation between Phosphate 

and Annelida was observed as r = 0.580. Thus Annelida showed high positive correlation with 
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Phosphate. Correlation between Phosphate and Mollusca was observed as r = 0.675. Thus 

Annelida showed high positive correlation with Phosphate. 
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5. Discussion 

Rivers are designated as some of the last global frontiers of rich freshwater diversity, 

endangered and threatened species. At the same time, these support millions of livelihoods and 

indigenous people. Rivers flowing through Eastern and North Eastern Himalayas and Western 

Ghats and its associated wetlands have been designated as global hotspots of freshwater 

biodiversity. The dynamic ecosystem of a river is viewed as a system operating in its natural 

environment, and includes biotic (living) interactions amongst plants, animals and micro-

organisms, as well as abiotic (nonliving) physical and chemical interactions (Angelier, 2003; 

Campbell, 2009). River ecosystems are prime examples of lotic ecosystems. Lotic refers to 

flowing water, from the Latin lotus. Lotic waters range from springs only a few centimeters wide 

to major rivers kilometers in width (Allan, 1995). Lotic ecosystems can be contrasted with lentic 

ecosystems, which involve relatively still terrestrial waters such as lakes and ponds.  

One of the most negative anthropogenic impacts is the so-called straightening and the 

construction of embankments in the mid and lower streams of almost all large rivers. The main 

purpose of these actions was to provide more farmlands for developing the economy and to 

combat flooding. The consequences of these activities are very serious and in many cases do not 

solve, but intensify the problems. The main consequence of river “straightening” by building 

dikes and cutting off meanders from the rivers is that the river becomes shorter and steeper. The 

new river is narrower due to the dikes built on its banks. All of this result in faster water flow 

and higher water levels during floods. The faster flow itself results in intensified erosion of both 

the river banks and bottom, i.e. the river starts “eating” its own bed and digs into the ground until 

it reaches harder bedrock.  The increased erosion results in higher water turbidity, which is a big 
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constrain for all aquatic organisms because it reduces the penetration of sunlight into the water. 

Fine particles clog to the gills of the animals that breathe dissolved oxygen. Another, even more 

serious problem related to riverbed incision is the lowering of groundwater levels. The problem 

is particularly exacerbated where these processes are combined with the gravel extraction. The 

river and neighboring groundwater are interconnected bodies, and the drop of water levels in the 

river (in some cases down 5 or 6 m) leads to a parallel decrease in the groundwater level because 

the river acts as a draining channel.  

5.1. Geographic Information System for Site mapping 

During the present research period, GIS and Google Earth were used to analyze the 

spatio-temporal analysis of the study sites. Satellite imageries which are visible (0.38 µm-0.72 

µm) to near infrared (0.2 µm-0.2 µm) region of electromagnetic spectrum are very much useful 

in extracting information on aerial aspects of drainage basin and various hydro geomorphic 

features. Watershed management has become an increasingly important issue in many countries 

as government agencies and nongovernmental group struggle to find appropriate management 

approaches for improving productions from natural resources system. In watershed management 

principles, concepts and approaches with vast experiences change during the past few years but 

yet there is no universal methodology for achieving effective watershed management (Naiman et 

al., 1997: Bhatta et al., 1999; Robinson, 2004; Gallopin, 2006).  

It is mostly agreed that sustainable development and management of upland natural 

resources for the welfare and local populations should be the key objective of watershed 

management (Kammerbauer, 1999; Maarleveled, 2003; Immink. 2005 and 2007; Hosper et al., 

2007). This objective includes sustainable utilization of watershed level as one of its important 

components (Sharma and Krosschell, 1996). Effective management of natural water resources in 
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turn requires an understanding of the variability in time and space of these sources and the role 

of human cultures and institutions in bringing those variations (Naiman et al., 1997; German and 

Stroud, 2003; FAO, 2000; IIED, 2004; Reddy, 2000; Pandey and Yadama, 1990, Singh and 

Singh, 2010). 

Remote sensing and GIS play an important role in the management of natural resources 

and helps in planning water resources development. One of the important advantages of using 

remote sensing data for hydrological investigations and monitoring its ability to generate 

information in spatial and temporal domain which is very crucial for successful analysis, 

prediction and validation (Saraf, 1999; Choudhary, 1999; Gautam et al., 2003; Prenzel, 2004; 

Giriraj et al. 2008). Geographical Information Systems is an excellent tool for assessing the land 

use/land cover changes using different kinds of data such as satellite images, aerial photos and 

maps. There are various methods that can be used in the collection, analysis and presentation of 

resource data but the use of remote sensing and geographic information system (RS/G1S) 

technologies can greatly facilitate the process. Geographical data can be collected, stored, 

analyzed and displayed in a wide variety of environments.  

5.2. Physico-Chemical Analysis of Water 

The annual thermal regime of a river, according to Smith (1981), is one of the important 

water quality parameters and most of the physical, chemical and biological properties of water 

are dependent on it. Several observers have kept a stretch of stream under observation for a 

period and have found, that superimposed upon the seasonal changes, there are diurnal cycles in 

temperature. These may amount to 6˚C in small streams in summer time (Edington, 1966), with 

lower values in large rivers. In winter time, however, ice and snow form an insulating layer, and 

even in extreme climates such as that of Alaska, the water temperature does not fall below 0˚C 
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(Sheridan, 1961). In spring time snow melt water may keep the temperature below that of the air 

for quite some time (Sheridan, 1961). Streams flowing underground or through man-made 

culverts may be cooled or warmed in the process according to the season, and wind or shade may 

cause considerable changes. In contrast to lakes, rivers normally show little stratification because 

of their turbulent flow (Hynes, 1970).  

5.3 Physico Chemical Features 

5.3.1 Water Temperature 

During the present research work, the average air temperature ranged between 

18.75±1.52 to 19.30±2.02°C, with lowest temperatures in winter and highest in summer months 

at all the study sites. The water temperature (°C) ranged between a minimum of 9.80±1.02°C to a 

maximum of 19.6±1.36°C (Fig 6) during the study period Water temperature has been observed 

to follow the general atmospheric temperature. This has widely been observed by Rice (1938); 

Welch (1952); Rao (1955); Zafar (1955); Macan (1963); Venkateshwarlu and Jayanti (1968); 

Munawar (1970a); Hannan and Young (1974); Qadri and Yousuf (1978); Swarup and Singh 

(1979); Sharma et al. (1981); Harshey et al. (1982); Mahadevan and Krishnaswamy (1983); 

Bagde and Varma (1985 a,b); Palharya and Malviya (1988); and Shyam Sunder (1988). Special 

effect of temperature on the intensity of pollution via enrichment of organic matter have been 

reported by Jeelani et al. (2008), Irshad et al. (2012), Jeelani & Kaur (2012), Bhat  et al. (2013), 

Parveen et al. (2013), Patel & Patel (2013), Salim et al. (2013), Arti and Vipulab (2014), 

Mudasir et al. (2014), Tehmina et al. (2015), Jyoti et al. (2015), and Sharma et al. (2015). 

Temperature constrains the various processes in aquatic ecosystems differently and 

therefore, a general warming of the water column will change trophic interactions and ecosystem 

functioning (Beaugrand and Reid, 2003; Alheit et al., 2005). Increasing temperatures could also 



99 
 

change the balance between pelagic and benthic secondary production. Sedimentation rate of 

organic matter during the spring bloom has been shown to decrease due to higher zooplankton 

grazing effect and bacterial respiration in the water column if the temperature increases (Keller et 

al., 1993 and Müren et al., 2005). Thus, the total sedimentary input to sustain the benthos may 

decrease if more material is channeled through the pelagic grazing food chain (ErikssonWiklund 

et al., 2009). Higher bottom water temperatures will also increase pelagic microbial 

remineralization of the settling particulate organic matter and this effect will be more 

pronounced in the deeper water column and the longer the sinking material is exposed to pelagic 

respiration (Hansen and Bendtsen, 2006). Changes in the temperature could probably also 

change the species composition of the benthos according to their feeding ecology (Coyle et al., 

2007). While benthic filter feeders have first access to the sedimenting food and therefore 

probably will be less affected by a lower food supply, deposit feeders are more likely to 

experience food limitation (Josefson and Conley, 1997). Altogether, increasing temperatures 

may alter the functioning of all trophic levels in a cascade from the primary producers to the 

higher trophic levels such as fish (Alheit et al., 2005).  

In an aquatic ecosystem, the influence of temperature is due to the fact that the body 

temperature of aquatic organisms varied with and is almost the same as that of the environment. 

A rise in temperature of the water leads to the speeding up of the chemical reactions in water, 

reduces the solubility of gases and amplifies the taste and odour (Trivedy and Goel, 1984). 

According to Kumar et al. (1996), temperature is one of the most important factors in aquatic 

environment, since it regulates various physico-chemical as well as biological activities. Change 

in temperature govern water mixing, turbulence, formation of currents (Birge, 1916; Hutchinson, 

1957 and Ruttner, 1963) and biological processes like the growth, development, reproduction 
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and other life processes of biota (Wetzel, 1983). Fluctuation in temperature of an aquatic 

medium regulates the biological composition of that ecosystem (Banerjee et al., 1989). The 

disease resistances in fishes also decrease with temperature.  

 

Fig. 6: Water temperature fluctuations at various study sites in Dikhu River 

 

5.3.2. pH 

In present study, pH of water fluctuated from 7.83 to 7.97 (Fig 7) throughout the course 

of study. The pH is very important chemical characteristic of natural water and is closely related 

to many biological phenomena, mineralization, oxidation and reduction in water bodies. pH 

indicates the concentration of hydrogen ions in water. It expresses the intensity of acidity or 

alkalinity which depends upon the amount of absorbed CO2, on H+ ion arising from the 

dissociation of carbonic acid (H2CO3) and OH- ions arising from the hydrolysis of bicarbonates 
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buffering the water. According to Welch (1952) it is an important means of understanding the 

chemical conditions prevailing in the natural waters. pH of water is considered to be one of most 

important chemical factor affecting the productivity of the water body. In general pH is 

influenced directly by the carbon dioxide concentration in the water, which in turn regulates 

photosynthetic and respiratory activities (Talling, 1976). However, the range of pH tolerance 

varies among different species. Biological conditions become better when pH of aquatic 

environment is constant. The pH of water body depended on the flow of effluents with high 

alkalinity, and the assimilation of the carbon dioxide reserve in it. Therefore, the determination 

of pH may serve as an index of other environmental conditions, like quantity of CO2 and O2.  

Verma and Shukla (1970) believed that the pH would prove to be an ecological factor of 

major importance in controlling the activities and distribution of aquatic flora and fauna. 

However, Mehra (1986) suggested that pH of environment has little or no importance. To 

achieve good fish production, pH of water should be monitored regularly to ensure its optimum 

range. Alikunhi (1957) has demonstrated that pH between 6.5- 8.5 with large variations play a 

pivotal role in the productivity of water. pH range from 5 to 6.6 and 9.1 to 11.0 results in low 

productivity (Sreenivasan, 1964). According to Vegas-Villarubia et al. (1988) low alkalinity and 

pH values are indicators of low mineralization and high humic substances. Bell (1991) has stated 

that pH range between 6.5 to 9.0 provide an adequate environment for the well being of 

freshwater fish, bottom dwelling invertebrates and fish food organisms. Singh et al. (1982); 

Sharma and Dheneshwar (1986); Mishra (1988); Gopal (1990); Jindal and Kumar (1993); 

Khalique (1995); Bath (1996); Islam and Islam (1996); Syal (1996); Sarwar (1999); Narain and 

Chauhan (2000); Saha et al. (2000) and Valermathi et al. (2002) recorded change in pH values 

with addition of sewage and agricultural effluents. Qadri and Yousuf (1978); Khan (1979); 
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Zutshi et al. (1980); Sarwar (1987 and 1991 a,b) investigated the impact of macrophytic 

vegetation on pH values of water. 

 

Fig. 7: Seasonal fluctuations of pH at various study sites in Dikhu river 

5.3.3. Dissolved Oxygen 

Dissolved oxygen is essential for the respiratory metabolism of organisms. The dissolved 

oxygen ranged between a minimum of 7.96±1.26 to a maximum of 12.55±1.06 (Fig 8) during the 

study period.  The effects of waste discharge in the water body are largely determined by the 

oxygen balance of the system (Trivedy and Goel, 1984). The rates of supply of dissolved oxygen 

from the atmosphere and from the photosynthetic inputs and the hydro-mechanical distribution 
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reactions. Dissolved oxygen influences many chemical and biological reactions and thus, is 
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have specific requirement of oxygen (Trivedy and Goel, 1984). The concentration of oxygen also 

reflects whether the processes undergoing are aerobic or anaerobic. Low oxygen concentrations 

are generally associated with heavy contamination by organic matter. Higher concentration of 

dissolved oxygen in water is an indication of better health and constantly high content allows a 

water body to support more members and variety of aquatic organisms (Parveen, 2003). Tarzwell 

(1957) has suggested that a minimum of 3.0 mg/l dissolved oxygen is necessary for healthy fish 

life. George (1961) has mentioned that the concentration of 1.4 mg/l is sufficient to maintain life 

in water. According to Das et al. (1995) dissolved oxygen concentration greater than 5.0 mg/l 

favours good growth of fauna and flora.  

DattaMunshi and Singh (1991); Goel and Chavan (1991); Jhingran (1991 a,b); Shastree 

et al. (1991); Tripathi et al. (1991); Mathuthu et al. (1993); Anjana and Kanhere (1998); Kumar 

(1995 a,b); Bath (1996); Kaur et al. (1996a); Syal (1996); Bath and Kaur (1998); Jameel (1998); 

Shivanikar et al. (1999); Valarmathi et al. (2002); Kumar et al. (2003); Kaur et al. (2003), 

Prasannakumari et al. (2003), Jeelani et al. (2008), Irshad et al. (2012), Jeelani & Kaur (2012), 

Bhat  et al. (2013), Parveen et al. (2013), Patel & Patel (2013), Salim et al. (2013), Arti and 

Vipulab (2014), Mudasir et al. (2014), Tehmina et al. (2015), Jyoti et al. (2015), and Sharma et 

al. (2015) carried out investigation on effects of sewage effluents  on dissolved oxygen contents. 

Sculthrope (1967), Sarwar (1987); Roy (2000); Kaur et al. (2001) and Khatri and Dhankhar 

(2003) carried out studies on the impact of various anthropogenic activities on dissolved oxygen 

contents of water.  
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Fig. 8: Seasonal variation of Dissolved Oxygen in Dikhu river  

5.3.4. Free Carbondioxide: 

 Carbon dioxide is an extremely important constituent of an aquatic environment (Welch, 

1952). The concentration of free carbon dioxide during the study by Irshad et al. (2012) ranged 

from 0.40 mg/L to 34.00 mg/L with an average of 18.05±1.56. The carbon dioxide ranged 

between a minimum of 5.11±1.26 to a maximum of 9.68 ±1.61 (Fig 9). This gas is very much 

necessary for bacterial growth and green plants. The primary source of inorganic carbon for 

photosynthesis and the generation of organic substance in an aquatic ecosystem are largely 

dissolved carbon dioxide and bicarbonates (Wetzel, 2001). The presence of carbon dioxide in the 

environment, gives the opportunity to plants and phytoplankton to synthesize their food and 

produce oxygen, which is the basic need for all life forms. Variation in CO2 concentration may 

have an adverse effect on physiological functions of the biotic lives present in aquatic ecosystem. 
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Inorganic carbon utilization in natural water is balanced by respiratory generation of carbon 

dioxide by aquatic organisms and by influxes of carbon dioxide and bicarbonates with incoming 

surface run off and from atmosphere.  

The presence of free CO2 in the surface water is essential for photosynthesis. However, 

large amount of free carbon dioxide available in the ecosystem is harmful for animals as excess 

dissolved carbon dioxide is usually accompanied by a much reduced dissolved oxygen content 

and other important conditions. Besides, it regulates the pH of water which goes a long way in 

influencing the mode of biota and their life processes. It is well known that the carbon dioxide is 

the best single index of the suitability of water. Carbon   dioxide    is    the   chief    source   

needed for   photosynthesis   process    in   plants. In  aquatic  ecosystems  carbon  dioxide  reacts 

with water  and  forms  carbonic  acid which  soon  dissociates into carbonates and bicarbonates, 

thus altering pH of water.  The behavior of carbon dioxide with pH is that an increase in carbon 

dioxide concentration in water results in decrease of its pH due to the formation of carbonic acid 

(Chandler, 1970. The authors reported that the free carbon dioxide was high during autumn and 

winter seasons. High concentration of free carbon dioxide during the warmer period may be due 

to the decomposition of organic matter, utilizing dissolved oxygen and liberating carbon dioxide. 

The higher concentration of free carbon dioxide in warmer months is indication of pollution, as 

witnessed by Jeelani & Kaur (2012), Bhat et al. (2013), Parveen et al. (2013), Salim et al. 

(2013), Mudasir et al. (2014), Tehmina et al. (2015) and Sharma et al. (2015).  
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Fig.  9: Free Carbon Dioxide fluctuations at various study sites in Dikhu river 

5.3.5. Total Alkalinity 

The range of alkalinity in Indian waters varied from 40 to 1000 mg/l (Jhingran, 1991). 

Alikunhi (1957) considered alkalinity as a measure of productivity. In the present study 

alkalinity ranged between a minimum of 70.21±39.9 to a maximum of 139.6±14.7 (Fig 10). 

According to Hutchinson (1975), alkalinity is the total quantity of base that can be determined by 

titration with strong acid. Alkalinity of water, as usually interpreted refers to the quantity and 

quality of compounds present, which collectively shift the pH to the alkaline side of the 

neutrality (Wetzel, 1983). Though alkalinity is usually caused by the presence of hydroxides, 

carbonates and bicarbonates of the cations viz., Ca, Mg, Na, K, NH4 and Fe in combined state 

yet it is also caused though less frequently by borates, silicates and phosphates (Wurts and 

Durborow, 1992). It is expressed in terms of equivalent bicarbonate or carbonate, although other 
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ions could contribute to it. According to Jhingran (1991) total alkalinity of high range is 

encountered in waters having pH value ranging from 8.4 to 10.5. Natural water bodies show a 

wide range of fluctuation in total alkalinity values depending upon the location, season, plankton 

population, rainfall, human activity and nature of bottom deposits etc. Spence (1964) divided 

south Scottish water bodies into three major categories on the basis of alkalinity viz. nutrient 

poor, moderately rich and nutrient rich.  

Alkalinity of water is its capacity to neutralize acid and is a measure of productivity as 

has been suggested by Moyle (1946). Its relationship with pH of water has been investigated by 

Freiser and Fernando (1966); Qadri and Yousuf (1980 a,b) and Zutshi et al. (1980). Water 

(1957); Zutshi et al. (1980); Patra and Nayak (1982); Trivedy and Goel (1986); Sarwar and 

Zutshi (1987 a,b); Weiler (1988); Sarwar and Zutshi (1989); Sarwar (1991 a,b); Chapman and 

Kimstach (1992); Meybeck et al. (1992); Syal (1996); Sarwar et al. (1996); Sarwar (1999); 

Valarmathi et al. (2002); Kumar et al. (2003), Prasannakumari et al. (2003), Jeelani et al. (2008), 

Irshad et al. (2012), Jeelani & Kaur (2012), Bhat  et al. (2013), Patel & Patel (2013), Salim et al. 

(2013), Arti and Vipulab (2014), Mudasir et al. (2014), Tehmina et al. (2015) and Jyoti et al. 

(2015) recorded changes in alkalinity values in relation to levels of organic wastes discharged 

into water.  

The factors responsible for higher alkalinity are entry of sewage leading to organic 

pollution, excessive release of soap and detergents through cloth washing within, bathing these 

ponds of cattle’s and decomposition of organic matter in sediment. These finding agreed with 

Hayes and Anthony (1959). In present study maximum values of total alkalinity were recorded in 

summer which could be attributed to accelerated rate of photosynthesis leading to greater 

utilization of carbon dioxide and bicarbonates as source of inorganic carbon by phytoplankton 
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and release carbonates which can cause pH to rise dramatically (Wurts and Durborow, 1992). 

However, higher values of alkalinity recorded in monsoon which could be related to greater 

agitation of water leading to decrease in CO2 content, leaching of carbonates and bicarbonates 

from catchments and organic pollution. The observations are in agreement with the findings of 

Chourasia and Adoni (1985), Kumar (1990) and Khajuria (1992) but in total contrast to the 

observation of Jhingran (1991) and Gochhait (1991).  

 

Fig. 10. Alkalinity fluctuations at various study sites in Dikhu river 

5.3.6. Total Hardness  

Mairs (1966) suggested total hardness to be a complex mixture of cations and anions 

while Cole (1975) recorded calcium and magnesium to account for most of the hardness. Zutshi 

(1968); Vass (1973); Zutshi et al. (1980); Kundanger and Zutshi (1985); Sarwar (1987 and 1991 

a,b); Sarwar and Wazir (1988); Sarwar and Rifat (1991) and Sarwar et al. ( 1996 ) discussed the 

role of rocks in contributing hardness to water of various Kashmir lakes. Gopal (1990); Sinha et 
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al. (1991); Chapman and Kimstach (1992) and Meybeck et al. (1992). Syal (1996) and Kaur et 

al. (2003) investigated the impact of sewage on the hardness values of water.  The concentration 

of total hardness during the study period ranged from The hardness ranged between a minimum 

of 12.03±3.1 to a maximum of 41.60±2.3 mg/L (Fig 11) during the study period. Higher values 

were recorded during summer season and lower during autumn and winter season. The decrease 

in the concentration of bicarbonates during summer confirm the findings of Sahai and Srivastava 

(1976) who recorded low concentrations of bicarbonates from June to October owing to its 

increased use in carbon assimilation by phytoplankton and submerged macrophytes during 

photosynthesis. 

 

Fig. 11. Hardness fluctuations at various study sites in Dikhu river 
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5.3.7. Nitrate Nitrogen 

 Nitrate content is an excellent parameter to judge the organic pollution and it represents 

the highest oxidized form of the nitrogen. All biological growth processes require nitrogen in 

some form or the other for synthesis of cellular protein and nucleic acids, and hence, nitrogen 

plays an important role in the biological productivity of aquatic ecosystem. Being responsible for 

the formation of chlorophyll (Rhode, 1948), nitrate is one of the most important limiting factors 

in the development of phytoplankton (Welch, 1952). The sources of nitrogen into inland waters 

are N2-fixation, surface and ground water inflow, diffusion, transport from sediment and bottom 

waters, microbial magnification, animal excretion etc. The nitrate ranged between a minimum of 

0.009±0.005 to a maximum of 0.073±0.014 (Fig 12) during the study period.  In natural aerobic 

waters, most nitrogen occurs as nitrates (Maitland, 1978) in varying amount depending upon the 

nature of water shade, seasons, degree of pollution and the abundance of Plankton (Rhode, 1969; 

Sommer, 1989). Excess of organic pollution leads to eutrophication. Barg (1992) opined that 

nitrogen pollution not only alters the water quality but also influence the primary productivity, 

growth of aquatic weeds, benthos, epiphytes and toxic algae. According to Mohanty (2000), a 

part of unutilized nitrogen is also lost into the sediments, which alters the soil nutrients status and 

benthic community.  

Nitrogen is one of the major constituent of cellular protoplasm of photosynthetic 

organisms. Occurrence of nitrate form of nitrogen in various water bodies has been reported by 

Thrash et al. (1944); Sylvester (1961); Jolly and Chapman (1966); Willen and Evens (1972); 

King (1981); Ramakrishnaiah and Sarkar (1986); Shah (1988); Shyamsunder (1988) and 

Shastree et al. (1991). Harold (1934); Harvey (1940); Vashisht and Sharma (1975); Ajmal et al. 

(1985); Trivedy and Goel (1986); Adoni and Joshi (1987); Das (1989); Bandopadhyay and 



111 
 

Gopal (1991) and Bath (1996) recorded nitrate concentration in water bodies rich in macrophytic 

vegetation and phytoplanktons. Sarwar and Zutshi (1989) and Sarwar (1991 a,b) recorded nitrate 

nitrogen in water harboring rich growth of macrophytes. The impact of sewage on nitrate 

nitrogen was observed by Zutshi and Vass (1971); Seenayya (1971); King (1981); 

Ramakrishnaiah and Sarkar (1986); Trivedy and Goel (1986); Das (1989); Sarwar (1991 a,b); 

Bath (1996) and Savarna Somashekar (2000) and Kaur et al. (2002).  

 

Fig. 12. Nitrate fluctuations at various study sites in Dikhu river 
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considered to be nutrient of major importance in the production process (Vollenwider, 1968). 

The increased application of fertilizers, use of detergents and domestic sewage play a great role 

in contributing the heavy loading of phosphorus in the water (Golterman, 1975). Phosphates play 

an incredible role in biochemical pathways of respiration and carbon dioxide assimilation, being 

an indispensable constituent of cellular components like nucleic acids (DNA, RNA, 

phosphoproteins), enzymes, vitamins, nucleotide phosphates (ADP, ATP) etc. (Wetzel, 2001). 

Though relatively small amount of phosphates are available in hydrosphere, yet it is of 

considerable significance in limiting the biological productivity (Rawson, 1939; Wetzel, 2001). 

The increase in its concentration not only leads to pollution (Vollenweider, 1975; Wetzel, 1983) 

but also affects the aquatic biota (Upadhyay, 1998).  

The phosphate ranged between a minimum of 0.048±0.002 to a maximum of 0.087 

±0.001 (Fig 13) during the study period. Phosphorus is one of the major nutrients responsible for 

biological productivity as has been demonstrated by Hutchinson (1957). Michael (1969); Kaul 

(1977); Zutshi and Vass (1978); Harshey et al. (1982); Bath (1996); Bhatt et al. (1999) and 

Kumar et al. (2003) recorded seasonal variations in phosphate phosphorus values. Wanganeo et 

al. (1996) recorded concentration phosphate phosphorus across the water column in a 

limnological study on a dimictic Himalayan lake.  Welch (1952); Ruttner (1953); Zutshi and 

Vass (1978); Trivedy and Goel (1986); Mishra (1988); Sarwar and Zutshi (1989); Das (1989); 

Kannan (1991); Sarwar (1991 a,b); Bath (1996); Bath and Kaur (1998); Khabade et al. (2003) 

and Prasannakumari et al. (2003) studied the impact of domestic sewage on phosphate 

phosphorus concentration of water. Heron (1961); Singh and Roy (1990); Bandopadhyay and 

Gopal (1991); Sarwar (1991 a,b); Thomas and Azis (1996); Bhatt et al. (1999) and Khabade et 

al. (2003) observed the impact of agricultural effluent on the concentration of phosphorus in 
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various water bodies. Sawyer (1947), US department of interior division of technical support 

(1969) and Vollenweider (1972) have prescribed maximum permissible limits of phosphate 

phosphorus in water. 

 

Fig. 13. Phosphate fluctuations at various study sites in Dikhu river 
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Fig. 14. Conductivity fluctuations at various study sites in Dikhu river 
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Biological factors, especially the algae can be used as good indicator in assessing the quality of 

water. Kakati and Bhattacharjya (1989) studied the water quality of Deepar Beel and stated that 

the self purification capacity of the beel was still largely effective. They however, took into 

consideration the physico-chemical aspect of the water only by applying some 34 parameters and 

did not apply any biological index. Tripathy and Adhikary (1990) studied on the water pollution 

of the river Nandira and observed that phytoplanktons such as algae, protozoa, rotifera, and 

copepoda occurring in the unpolluted sites disappear with a proportionate increase in pollution 

load. 

Baruah and Bordoloi (1990) made an investigation to ascertain the pollution status of the 

water of the Deepar Beel. The physico-chemical characteristics of the water body as well as 

biotic factors were taken into consideration for the study. Shaji and Patel (1991) conducted a 

study for assessment of pollution in the Subarmati river at Ahmedabad with the help of chemical 

and biological parameters. They employed Nygaard's trophic state indices, Palmer's pollution 

indices and Pantle and Buck's saprobity indices for assessment of pollution and reported that the 

values of all the 5 quotients of Nygaard's indices clearly indicated eutrophication in the river. 

Palmer's generic and species indices values confirmed high organic pollution in all the sites of 

the river. Pal et. al. (1992) studied the organic pollution level of Hugli estuary using algae as 

pollution monitor. They observed a large number of pollution tolerant species like Nitzschia, 

Navicula, Oscillatoria, Cyclotella and Gomphonema. They observed the diversity index was 

always less than 3 denoting the polluted status. From the study it was found that Site II 

(Longmisa- Chuchu), which showed most congenial condition with optimum value of pollution 

indices and Site III (Longkong) was most polluted in comparison to other sites. 
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5.5 Macrozoobenthos 

Diversity is an important structural attribute of a natural or organized community, which 

is related to other structural and functional properties such as productivity, niche structure, 

competition, stability and integration of the community. The sustaining of the so-called 

biological diversity is a priority of nature conservation in terrestrial, marine and freshwater 

environments (Brooks et al., 2006). Therefore, the assessment of biological diversity and its 

probably most important element – taxonomic diversity plays a very significant role as the basis 

for nature protection. Various indices expressing the biological diversity of chosen groups of 

organisms are used as common metrics in biological assessment of environmental quality 

(Brooks et al., 2006). During the present investigation, three broad groups of macrozoobenthos 

were observed, among which Arthropoda was dominant followed by Annelida and Mollusca in 

the all the sites. Based on the diversity indices the site 2 has the maximum diversity followed by 

sites 4, sites 5, sites 1 and site 3 has least diversity. Kaul and Pandit (1982) while describing the 

biotic factors and food chain structure in different wetlands of Kashmir observed the 

macrozoobenthos to be limited in number of species. They also observed summer predominance 

of annelids and molluscan predominance in winter. Tubifex tubifex and Glossiphonia weberi 

exhibited highest abundance during summer, where as Chironomus plumosus and Viviparus 

bengalensis revealed highest values during winter (Gupta and Pant, 1983b). The physical bottom 

and chemical factors of a water body provide habitat for macrozoobenthos or simply benthos. 

Macrozoobenthos may include larvae, pupae and adult insects. Some of them pass all their life in 

water and other only part of their developmental stage (Subramanian and Sivaramakrishnan, 

2005).  



117 
 

Tehmina et al (2013) ascertained the health status of three important wetlands of Kashmir 

valley, viz. Hokersar, Hygam and Mirgund, by using the macrozoobenthic community 

assessment system. The authors reported that the macrozoobenthic community in the wetlands 

belonged to Annelida, Arthropoda and Mollusca, with 9, 7 and 6 species respectively. Overall 

the zoobenthic community was dominated by Oligochaeta and Chironomids in all the wetlands. 

The abundance of pollution tolerant/indicator species depicted eutrophic conditions of all the 

wetlands. Rafia and Pandit (2014) depicted macroinvertebrates (oligochaetes) as indicators of 

pollution in Dal Lake Kashmir and found Arthropoda, Annelida as the most dominant species, 

which are in coherence with the present findings. The Diversity indices used in biological 

assessment studies are calculated for highly important indicator groups like Chironomidae 

(Cranston, 1995) and EPT (larval Ephemeroptera, Plecoptera and Trichoptera) or for a selected 

part of macrobenthic taxa (Barbour et al., 1996), identified on the level of genus or family 

(Fleituch et al., 2002), and much more rarely for all macrobenthos (Johnson and Hering, 2009). 

The assumption that habitat degradation results in significant and predictable decrease in 

taxonomic diversity is an important objective of various methods of biological assessment based 

on freshwater organisms, especially on benthic invertebrates (Lenat, 1988; Jüttner et al., 1996; 

Carlisle, 2008). The decrease in taxonomic diversity due to habitat degradation could be assessed 

as reduced species richness as e.g. stressors do not allow less tolerant species to colonize or to 

persist in degraded sites (Townsend and Hildrew, 1994). Stress condition in a pond eliminates 

sensitive taxa and results in reduced diversity and numerical dominance of those able to persist 

(Jones, 2008). Similarly, Bhat et al. (2015) enumerated the habitat preference of 

macrozoobenthos in Upper Lake. The authors observed that macrophytes forms one of the 

favorable conditions for benthic diversity followed by stones/sand and mud, as the highest value 
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for Shannon diversity index was calculated at macrophyte type habitat while lowest at mud type 

habitat. The macrophytes density during the present research period and the association of 

macrozoobenthos is well documented by the work of above authors. 

Some changes in biological diversity of aquatic organisms are based on data in which 

neither Insecta nor Oligochaeta are identified (Leppakoski et al., 1999). The large, sometimes 

predominant part of total taxonomic diversity of stream macrobenthos is included within the 

groups that are difficult to identify, like Chironomidae, Limoniidae, Tipuliidae, Tabanidae and 

Oligochaeta. The so-called "lowest practical taxonomic level" used for identification by certain 

stream ecologists (Waite et al., 2004; Adams et al., 2005) as a pragmatic compromise between 

increasing information content and increasing time and costs along the level of taxonomic detail 

(Jones, 2008) is very insufficient for the needs of biodiversity studies.  

In numerous papers analyzing the relationships between environmental parameters and 

the diversity of some benthic invertebrate groups, have been typically omitted or treated as a 

single taxon (Jones, 2008). Unfortunately, those groups, more difficult than others to identify on 

the species level, are at once extremely rich in species and very important in terms of trophic 

function, e.g., larval Diptera. Therefore, conclusions from such studies about the reaction of 

diversity of macrobenthos to changes in environmental parameters seem to be controversial, 

when the most diverse taxonomic groups are identified on the level of genus or tribe (Statzner et 

al., 2008). Differences in taxonomic diversity of stream fauna due to environmental patterns 

have been documented in numerous studies, e.g., as the effect of moderate pollution (Barbour et 

al., 1996; Koperski, 2005, 2009), climatic differences (Heino, 2002), oxygen depletion 

(Jacobsen, 2008), water flow velocity (Strzelec and Królczyk, 2004), organic matter 

accumulation and substratum characteristics (Graça et al., 2004), type of bottom substrate 
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(Jähnig and Lorenz, 2008) and type of land-use in catchment area (Utz et al., 2009). A 

potentially great influence of a certain pattern on the results of diversity assessment, commonly 

neglected by researchers as diverse "attractiveness" and "accessibility" of sampling sites are 

presented by Sanchez-Fernandez et al. (2008). The diversity of Odonata seems to be strongly 

correlated with the local climatic specifics (Eversham and Cooper, 1998). Differences between 

the diversities of higher taxa as a result of divergence have been presented by Benke et al. (1984) 

and Jähnig et al., (2008). The richness of four insect orders studied by Rosemond et al. (1992) 

was affected in different ways by chemical parameters of stream waters. The species richness 

and the values of Shannon-Weaver index were affected by various ecological variables and to the 

largest extent by chemical parameters of water (Beketov, 2004).  

Odum (1971) described common inhabitants of sewage water with particular reference to 

oligochaetes. Learner et al. (1971) examined benthos assemblage above and below a point 

source of sewage and found upstream to be quite diverse while downstream to be left with only 

chironomids and oligochaetes. Dance and Hynes (1980) and Ajao and Fagado (1990) observed 

the distribution of macrozoobenthos in waters receiving complex mixtures of domestic waste. 

Seasonal dynamics of macrozoobenthic organisms in different water bodies were discussed by 

Munawar ( 1970a , b); Mandal and Moitra (1975); Das (1979); Rai and Datta Munshi (1979); 

Chowdhary (1984); Sharma (1986); Kaushik et al. (1991); Dhillon et al. (1993a); Syal (1996); 

Singh (1982) and Yousuf et al. (2002). Rich vegetation provides food and shelter to the growing 

zoobenthos was suggested by Needham and Llyod (1916); Krecker (1939); Andrews and Hasler 

(1943); Tonapi (1980); Sharma (1988); Kaushik et al. (1991); Kumar (1996b); Bath and Kaur 

(1998) and Sajeev (1999). The impact of silt on the aquatic organisms was reported by Kaul et 
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al. (1978) and Pennak (1978). In contaminated sections of the water body, chironomids and 

tubificid worms were the only taxa to survive (Winner et al. 1980).  

Chironomid larvae were found to be the most common component of benthos while 

toxicity of pesticides to benthic insect communities was discussed by William and Feltmate 

(1992). The stress of various environmental pollutants on the aquatic organisms was discussed 

by Kumar (1996a , b). The distribution of macrozoobenthos designated as an indicator of clean 

and eutrophicated water was described by Gaufin and Tarzwell (1956); Curry (1962); Schneider 

(1962); Shrivastava (1962); Hussainy (1967); Verma and Shukla (1969); Serruya (1978); Pennak 

(1978); Allanson (1979); Das and Bisht, 1979); Pandit (1980); King (1981); Roy and Sharma 

(1983); Sharma (1986); Sinha and Prasad (1988); Das (1989); Rao et al. (1991); Dhillon et al. 

(1993a) and Kumar (1996b). 

Macroinvertebrate’s ability to indicate various types of anthropogenic stressors is widely 

recognized as an integral component of freshwater biomonitoring. In case of pollution, 

biodiversity of the aquatic community can be affected and the species composition changes from 

natural species to tolerant species. Most interestingly, freshwater macroinvertebrate species vary 

in sensitivity to organic pollution and, thus, their relative abundances have been used to make 

inferences about pollution loads. In natural pristine rivers, high diversity and richness of species 

could be found (Sokal and Rohlf, 1995). However, high impact due to human activities caused 

many changes to the assemblages and biodiversity of the aquatic fauna (Wright et al., 1993, 

Pinel et al., 1996). Lang (1985) studied the eutrophication of lake Geneva and recorded species 

like Potamothrix hammoniu, P. Heuscheri and Tubifex tubifex to be numerically dominant ones 

as compared to P. veidovskyi (mesotrophic), Stylodrillus heringianus (oligotrophic) in the 

community structure indicating a meso- eutrophic sta-tus of lake. The emergence of species like 
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Tubifex sp. and Chironomus sp. in Nilnag lake indicated the eutrophic status of the lake as 

reported by Yaqoob et al. (2007). Benthoses of the Shallabugh wetland were represented by 

Arthopoda (10), Annelida (7) and Mollusca (6). The abundance of some specific pollution 

indicator species, especially annelids such as Limnodrilus sp, Tubifex tubifex and Branchiura 

sowerbyii, is depictive of transition in trophic status of the wetland from meso- to eutrophy (Siraj 

et al., 2010). Dar et al. (2010) reported a few species of annelids like Tubifex tubifex, 

Limnodrilus sp. and Erpobdella octoculata to be dominant in terms of taxa and abundance Awal 

and Svozil (2010) identified 481 to 629 organisms in three constructed wetlands in South East 

metropolitan Melbourne comprising of 16 taxa, the dominant among them representing the 

pollution tolerant species. The distribution of benthic community directly gets affected by biotic 

environment of the water body (Nkwoji et al., 2010). Their distribution depends on substratum, 

quantity and composition of organic matter in sediments (Subramanian and Sivaramakrishnan, 

2005). The habitats of different taxa of the benthic forms differ from one another. As per their 

breeding habitats, place of attachment, availability of food etc. the organisms are distributed 

from littoral zone up to profundal zone of the water body (Vyas and Bhat, 2010a).  

Biological indicators have the advantage of monitoring water quality over a period of 

time, providing more exact measures of anthropogenic effects on aquatic ecosystems, where 

physical and chemical data provide momentary evidence (Camargo et al., 2004). Benthic 

macroinvertebrates have been documented as the best indicators of Water quality as evidenced 

by Mutonkole et al. (2015), while working on urban fauna stream (in Kinshasa, Democratic 

Republic of Congo). The authors reported forty-seven species from 3624 specimen dominated by 

Odonata, Achaeta and Diptera, out of which four taxa displayed higher relative abundances: 

Glossiphonidae (20%), Chironomidae (9%), Lumbriculidae (9%) and Hirudidae (8%). Some of 
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the noteworthy contributions in the use of biological indices for establishing the relation between 

water quality index and macrozoobenthos population are those of Gabriels  et al. (2010), 

Resende et al. (2010), Negash  et al. (2011), Ansah  et al. (2012), Hannigan and Kelly-Quinn 

(2012), Li et al. (2012), Getachew et al. (2012), Canobbio  et al. (2013), Mereta et al.(2013), 

Lewin et al. (2014), Ma  et al. (2014), Koto-te et al. (2014), Kibena et al. (2014),  Xu et al. 

(2014), Schneider et al. (2014), Singh and Mishra (2014), Sajad et al. (2015), Van et al. (2015). 

The study reveals that pollution of the aquatic habitat have a significant affect on the assemblage 

of macro benthos community.  
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 CONCLUSION 

 

Biodiversity is one of the most significant attributes of sustainable development and 

represents the biological wealth of a given nation. In the present era the world is facing its 

greatest ever biodiversity crisis. Flora and fauna are becoming extinct at an alarming rate 

because of habitat loss, overexploitation and global climate changes. The present study 

advocated the present status of macrobenthic structure of Dikhu river of Nagaland and the factors 

governing its sustainability in long run.  As well as to assess the environmental pollution of  

water body, macrobenthic structure of those water bodies is used as bioindicator. Due to the lack 

of detailed study on the macrobenthic structure of those areas the present work laid the 

foundation for further effective work as future prospect. Therefore, it can be concluded that the 

macrobenthic community explained in the present study might be a key future outline to assess 

the status of water pollution of many concerned areas of Nagaland. 
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SITE 1: LONGMISA NOKSEN 

 

 

 

SITE 2: LONGMISA CHUCHU 
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SITE 3: LONGKONG 

 

 

 

SITE 4: CHANGTONGYA YAONGYIMSEN 
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SITE 5:CHANGTONGYA LONGLENG 

 



PLATES IV  

Pictorial Representation of Arthropods present at all sampling Sites 

              

Baetidae        Caenidae         Chaoborida 

                  

         Chironomini       Ephemerellidae     Heptageniidae 

    

  Leptohyphidae           Leptophlebiidae              Tanypodinae       Tricorythidae 



PLATE V  

Pictorial representation of some Molluscs present at all sampling Sites 

                

Bothynidae          Corbiculidae      Lymnaeidae 

                

Physidae         Pleuroceridae   Sphaeriidae 

              

Unionidae    Valvatidae    Viviparidae 

 

 

 

 



PLATE VI 

Pictorial representation of Annelids present at all sampling Sites 

  

                               Enchytraeidae   Haplotaxida 

                              

                                     Lumbriculida              Tubificidae 
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