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INTRODUCTION 



Nepal is a tiny landlocked.mountainous country, located on the mid Himalayan 

mountain section of Asia, lying between 26.22' N to 30°27' N latitude and so• 4'E to 

88°12'E longitude. It covers an area of approximately 147181 sq km with an average 

length of 885 km east to west and 193 km width north to south and is bordered by the 

China to the north and India to the eai;t, south, and west. The altitude ranges fr9m 60 

· m in the south to 8848 m in the north. Consequently, the coimtry has a wide range of 

. climatic zones ranging from humid subtropical to alpine. 

Nepal can be divided into three major ecological zones, namely the terai and siwaliks, 

the middle mountains and the high Himalayas. Because of the unique topography of 

the country, severru types of wetlands are scattered throughout the country in all the 

ecological zones. 

Concept of Wetlands 

Generally rivers, lakes, reservoirs, marshy lands, ponds, swamps, floodplains and 

deepwater agricultural lands are called wetlands. The term "wetland" translates into 

"Simsar" in Nepali. Sim is a derivative of the Persian word 'Sih', which means low 

grade land not suitable for ·cultivation. 'Sar' is a Sanskrit word meaning water. Thus 

Simsar can be interpreted as land with water. 

The Ramsar convention was l).eld in 1971 in Ramsar, Iran and defined wetland 

broadly to include "areas of marsh, fen, peat land or water, whether natural or 

artificial, permanent or temporary, with water that is static or flowing, fresh, brackish 

or salt, including areas of marine. water, the depth of which at low tide does not 

exceed six meters" (Ramsar, 1971). This definition is broad and includes the diverse 

types of wetlands that occur around the world. 

A wetland is an ecosystem that arises when inundation by water produces soil 

dominated by anaerobic processes and forces the biota, particularly rooted plants, to 

exhibit adaptations to tolerate flooding (Keddy, 2000). 

Wetlands are essential for the free ecosystem services that they provide to human 

community. The most obvious are maintenance and improvement of water quality, 
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ground water discharge and recharge, erosion control, flood protection :and flow 

stabilization, storm dampening, healthy eC:osystem functions, soil building, food 

chain production, nutrient cyclh,1g and biogeochemical processes, habitat for wildlife 

and numerous socioeconomic qualities such as food, forage, hunting and trapping, 

sites for research and environmental education, cultural heritage, open space 

preservation, aesthetics, tourism and recreation. lhey are also important because 

attention has been turned recently to use the wetland systems and the plant species 

occurring therein as bio-energy sources and also for use in pollution abatement 

projects to filter sewage, agricultural run-off, leachate from landfills, and mine 

drainage mitigation (Oliver and Hill, 1998). 

Unfortunately, the wetlands are being degraded today mainly due to pollution from · 

sewage and industrial effluents, and from over exploitation of resources. The 

wetlands are rapidly disappeanng because of the general notion that they are 

waterlogged and unproductive lands which harbor disease-carrying insects, pests and 

poisonous snakes. They are drained and/or filled· for agriculture, human settlements 

and industries be:sides being rapidly silted due to large scale deforestation in 

surrounding areas, and they are also being dried up in many places as rivers are 

dammed and channelzed for the generation of hydroelectricity and other purposes. 

Wetlands of Nepal 

Nepal has only freshwater wetlands and broadly classified into two categories: 

natural and man-made. The natural wetlands includes rivers, lakes and ponds, 

riverine floodplains, swamps and marshes and the man made are water storage areas 

and deep water agricultural lands. 

The Department of Agriculture· Development (1992) has estimated that wethmds 

occupy 743563 ha or roughly 5% ofNepal's total land area (Table 1) 
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Table 1 Estimated area of various wetlands in Nepal (DOAD, 1992) 

Wetland types Estimated area (ha) Percent 

Rivers 395000 53.1 

Lakes 5000 0.7 

Reservoirs 1380 0.2 

Marshy lands 12000 1.6 

Village ponds . 5183 0.7 

Paddy fields 325000 43.7 

Total 743563 100.0 
•, 

The country has approximately 6000 rivers and rivu~ets, including permanent and 

seasonal rivers, streams and creeks (WECS, 2002). The major river systems namely 

the Mahakali, the Kamali, the Gandaki, the Koshi originate in the high altitude 

snow covered mountains and are 'permanent' in nature. On the other hand, 

rivers/rivulets originating in Siwalik!Terai are seasonal in nature. All the rivers of 

Nepal drain into the Ganges River System in India through the Terai region, giving 

rise to ox-bow lakes and floodplains. 

The lentic water bodies are classified as glacial, tectonic and ox-bow types depending 

on their geological origin. The lakes that occur above 3500 m altitude are mostly of 

glacial origin. They are generally moraine dammed, but some like the Thulagi glacial 

Jake of the Manaslu area are dammed by ice body (Hanisch and Hunger,1998). The 

largest glacial lake is Rara (1036 ha) located at an altitude of 3000 m, followed by 

Shey Phoksundo ( 452 ha) and Tilicho Lake ( 4919 m, area 40 ha). Lakes and ponds of 

mid-hill and mountain regions (below 3000 m) of Nepal are considered tectonic in 

origin and are thought to ·have b~en created in depressions caused by land subsidence. 

The famous lakes ofPokhara valley- Phewa, Begnas, Rupa, Khaste; Dipang, Gunde, 

Kaalpokhari and Maidi belong to the tectonic category. Mostly the ox-bow lakes 

occur in the terai plain of Nep~l. In many places these lakes have converted into 

marshes (ghols) or swamps due to siltation and plant succession. 

Marshes are extensive near the streams and rivers of the terai floodplains. Some 

notable hot springs (geothermal springs) include Tatopani in Sindhupalchok districts 

as well as in Annapurna Conservation Area occur in mid-hills and moUntains. Alpine 
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and Tundra type wetlands occur above 4000 m. These wetlands are restricted to 

Alpine meadows and shrubberies, where environmental factors such as low 

temperature, high acidity, low nutrient supply, water logging and oxygen deficiency 

slow the decomposition of the organic matter and favour peat formation. 

Physico- chemical Parameters 

Tlie physico-chemical parameters of water bodies influence directly or indirectly (the 

number, varieties •. distribution, metabolic activities, growth, size, forms etc.) of the 

aquatic organisms in various. ways. Functioning of the aquatic ecosystem is regulated 

by the interaction among the physico-chemical and biological components of the 

system. Hence, it is essential to have the knowledge of physico-chemical parameters 

for identifying suitability and fertility of art aquatic ecosystem. Reid (1961) has stated 

that the successful development and maintenance of a population of· organisms 

depends upon harmonious ecological balance between environmental conditions and 

tolerance of the organism to variations in one or more of these conditions. 

The physico-chemical parameters of a water body change due to seasonal change, 

diurnal changes and pollutants. These bring significant seasonal and diurnal change in 

abundance of aquatic organisms: 

Among the physico-chemicai parameters (factors) air temperature, water 

temperature, transparency, PH, dissolved. oxygen, free carbon dioxide;· alkalinity, . . ' 

hardness, chloride and BOD mainly determine the hydrological condition of water 

body. 

The air temperature directly influences water temperature and the latter influences the 

biotic activities of aquatic flora and fauna. The pH is also responsible for the 

productivity. The pH of water gets drastically changed with time due to exposure to 

air, biological activities and t~mperature change. Alkalinity range determines the 

range of productivity of water bodies. Dissolved· oxygen is one of the important 

parameter in water quality assessment and reflects the physical and biological process · 

prevailing in the water. Carbon dioxide by combining with water forms weak acid 

and serves as more or less buffer system against rapid shifts in acidity and alkalinity. 
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Chloride is usualiy present in· low concentration in natural waters and the high 

concentration indicates the pollution in water bodies. The Biological Oxygen 

Demand (BOD) indicates the organic pollution and therefore, helps in deciding the 

suitability of water for consumption. 

Regarding Physico-chemical parameters, very few works have been done in Nepal. 

Some of the works are those of Loffler (1969), Lohaman eta/. (1988), McEachern 

(1994) and Hickel, (1973). 

Macro- Biota 

Macrophytes 

The aquatic macrophytes are the backbone of wetland ecosystems ·as .these provide 

habitat, food and energy . to the aquatic organisms. These are the most. important 

constituents for the regulation of cycling of minerals and organic compound.s in the 

natural aquatic ecosystem. These are also a primary agent in bio-geochemical cycles 

and succession. One of the significant properties of the aquatic macrophytes is their 

capability of accumulating the heavy metal pollutants present in water bodies 

(Carpenter and Adam, 1977). 

The aquatic macrophytic vegetation of Nepal includes a wide array of taxonomic 

groups, growth forms and representative species of different biogeographic floristic 

realms. This can be attributed to remarkable variation in bioclimatic and limnological 

parameters. But no detail study has been done in Nepal. The total recorded aquatic 

macrophytes ofNepal are 240 species, 124genera and 58 families (Shrestha, 1999). 

Annelids and Arthropods 

Aunelids and arthropods are important constituents of aquatic ecosystems. They form 

the different feeding levels (trophic levels), act as pollinators, some annelids make 

soil more porous, loose and aerated. These are the major partners for the maintenance 

of healthier environment in aquatic and terrestrial ecosystems. Malia et a/. (1978), 

Smith (1978), Yadav et al. (1983), Sharma (1996) and others have done preliminary 

works on annelids and arthropods in Nepal. 
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Molluscs 

Molluscs are the major constituent of aquatic ecosystem, Many ·species of mollusca 

form the useful diet of fishes and also for human beings. Open billed storks depend on 

molluscs for their diet. The she lis are useful in button industry, ornaments, decoration, 

etc. Not all molluscs are beneficial however, some snails and slugs feed on cultivated 

plants. Certain freshwater snails serve as intermediate hosts for parasitic trematode 

worms of domestic animals. 

Despite their importance no comprehensive work on molluscs has been done in 

Nepal. However a number of workers like Subba and Ghosh (2000, 2001), Subba 

(2003) and Chhetry (2003) have contributed to the knowledge of molluscs study. 

Fish fauna 

Fishes are the major food resources for the protein and are available throughout the 

world. In Nepal also traditionally majority of people consume fish as food. A total of 

179 species of fishes belonging to 30 . families are found in the wetlands of Nepal 

(Shrestha, 1994). Nepal, being a landlocked country and being situated about 960 km 

away from the nearest sea- port, has to depend largely on the exploitation of available 

fresh water resources for the production of fish. The present production level is still 

below the potentiality of existing water resources. The Government of Nepal has 

given priority to aquaculture development throughout the kingdom. The Fishery 

Development Division. under the Department of Agriculture of the Government of 

N epa! is technically responsible for the implementation of fishery activities in the 

country through thirteen fishery development centres located in differenttegions. 

Herpetofauna 

Although Nepal is small in size, the diversity of its herpetofauna is rich due to the 

greater diversity of physical features. These fauna are the sources for meat, hides, 

eggs, and medicine and even companionship. The field of herpetology offers many 

opportunities for research, be it the ecology and habits of the threatened species oi: the 

development of anti-venom. 

A total of 125 ~ifferen:i species of reptiles and 52 different species of amphibian have 

been found in Nepal (Schleich .and Kaestle, 2002). A great variety of herpetofauna 
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have been reported from Terai. wetlands. All the species of amphibians depend on 

wetlands to complete their life cycle. But many species of herpetofauna have become 

rare due to loss of habitat and their collection for meat and medicinal purposes. 

Avl's 

The aves of Nepal are highly diverse due to the diversity of geographical features. A 

total of841 species of birds has been recorded in Nepal (lnskipp and Irtskipp, 1991). 

As many as 193 species of birds are dependent on wetlands. Among them 187 species 

are dependent on the terai wetlands of Nepal (Bhandari, 1998). Baral (2000) studied 

the birds ofKoshi Tappu area. 

Mammals 

A total of 181 species of manunals belonging to 12 orders and 39 families have been 

recorded from Nepal (Suwal and Vei:heught, 1995). The most notable manunals of . . 
terai wetlands are Greater one homed rhino (Rhinoceros unicornis), ·Wild water 

bl!flhlo (Bubalus bubalis), Gangetic dolphin (Platanista gangetica), Fishing cat 

(Prionailurus viverrin"us) Smooth coated otter (Lutrogale perspicillata). etc. All these 

species are being decreased in number due to the loss of habitat, hunting and shortage 

offood. 

Description of study areas (Koshi Tappu Wildlife Reserve ~nd its surroundings) 

Koshi Tappu Wildlife Reserve (KTWR) was established and gazetted in 1976, 

primarily for the protection of the last remnant population of Wild water buffaloes 
'• 

(Bubalus bubalis) and their habitat. Realizing the importance of the site, it was 

designated as a wetland of international importance and added to the Ramsar list on 

17 December 1987 (IUCN, 1990).lt is the first Ramsar site in Nepal: 

The reserve, extends between 86°55'-87°05'E longitude and 26°34'-26°45'N latitudes 

on the alluvial flood plain of the Sapta Koshi river or simply Koshi river which is fed 

by seven tributaries, the Indrawati , Bhote Koshi , Tama Koshi , Dudh Koshi , Liku , 

Arun and Tamor rivers. The reserve covers part of Sunsari, Saptari and Udayapur 

II districts of the eastern develbpment region. It is touched by twelve Village 
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Development Committees (Fig.l). Eastern and western embankments of 5-7 m high 

were constructed by the Koshi dam project to control flood. On the south of the 

reserve is .a large expanse of open water, marshes and reed-beds,. created by the 

construction of Koshi barrage between 1958 and 1964. 

The reserve is rectangular in shape, 16.3 km long and 9.3 km wide running along the 

Koshi river. The area lies between 75 to 100m altitudes above mean sea level. It is .· 

drained by the Koshi river, a major tributary of the Ganges, and Trijuga river which 

joins the Koshi fu. this area. Bepause of the Koshi barrage, a large expanse of open 

water remains throughout the year between the barrage and the reserve, while the 

most part of the reserve is subject to flooding during the monsoon. Shallow ditches 

along the sides of the embankments retain water for most of the year and support 

dense reed-beds. A 10 km long seepage stream and 125 m to 250m wide stripe of 

marshes are situated along the eastern embankment. The reserve, ·which extends 

along the Koshi river, consists of extensive mud flats and marshes: Five different 

types of soil viz. sandy, sandy loam, loam, sandy clay loam, and clay loam were 

described from the surrounding villages ofKoshi Tappu Wildiife Reserve (Pradhanet 

al., 1976). 

The climatic condition of this area is tropical monsoonal type and experiences three 

distinct seasons summer (February. to May), rainy (June-September) and winter 

(October-January). 

Some notable wetlands in the Koshi Tappu Wildlife Reserve and its surroundings are 

as follows. 

Rivers 

The perennial Sapta Koshi river which originates from the ~imalayas in Tibet, 

represents _the main wetland habitat in Koshi Tappu region. It .is a staging site for 

thousands of waterfowls as well as other birds. The Trijuga river which originates in 

the Mahabharat region of the Udayapur district, enters in the reserve from the 

northwest (Fig. 2). 
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Floodplain 

The floodplain is a periodica!ly flooded flat area. The floodplain gradua!ly dries up 

during the post monsoon period. It remains saturated with water in certain places, 

while in other places it dries out. The floodplain is characterized by marshes, oxbow

lakes, back swamp lakes and many other depressions which retain water throughout 

the year. The Koshi Tappu Wildlife Reserve is situated on the floodplain of the Sapt.a 

Koshi river .. 

Oxbow lakes and riverine marshes 

The meandering nature of the Sapta Koshi river have given rise a large number of 

oxbow lakes a!ong its course. One such lake, Kamalpokhari, meaning 'lotus pond', is 

situated to the far west of the reserve near the village Karna!pur. The,Titrigachhi daha 

is another lake situated in the eastern part of reserve along the eastern embankment 

near the village Kushaha. An extensive marshy area lies on the fringes of these lakes. 

Some of the oxbow Jakes in the region have a short life span as a result of regular 

siltation by the river. 

Fresh water marshes and ponds 

The seepage of water from the Sapta Koshi river has given rise to a I 0 krn long 

seepage strearn.a!ong eastern. embankment. The seepage stream has 125- 250m wide 

marshes on its fringe. It flows from Prakashpur village to south. The m~sh supports 

dense reed-beds. Severa! man made ponds of 0.5-2 ha size are a.Jso located a.Jong the 

embankment outside the reserve. The marsh and ponds are notable nesting sites for 

severa! bird species in this region. 

Seasonally flooded grassland 

A portion of the wildlife reserve becomes flooded annually during the monsoon and · 

rest of the time of the year, it remains as grassland. Some portion of the grasslands 

represent a savanna habitat (have been formed through the degradation of the forest) 

with tree remnants scattered throughout. 

Swamp forest . 

Forests in patches consisting mainly of Dalbergia sissoo, Acacia catchu and Bombax 

cebia are found in the floodplains of the Sapta Koshi river., These forests are flooded 
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annually during the monsoon and represent seasonally. flooded forest, a type of 

freshwater swamp forest. Besides the swamp forest there are many permanent swamp 

areas located east to Koshi barrage near the southern region of .KTWR. 

Reservoir 

A large reservoir is constructed on the upper side of the Koshi barrage. From the 

reservoir, water is drained through two canals, for irrigation .. The water level in the 

reservoir varies seasonally. The open water of the reservoir ·is the major staging and 

nesting site for the several bird species, including waterfowls. 

Paddy fields 

The low lands around the Koshi Tappu Wildlife Reserve are utilized as paddy fields. 

These paddy fields generally remain under water during the monsoon. Some areas · 

may remain subm~rged at othe: time also. These temporary wetlands are important 

not only for birds but also offer an opportunity for paddy cum fish culture. 

Sampling sites for the study of physico- chemical parameters 

The water samples were collected from four sites (Site 1, Site 2, Site 3 and Site 4) 

every month at regular intervals for analysis. 

Koshi river (Site 1) 

The Koshi river site is inside the Koshi Tappu Wildlife Reserve, lies between 26° 37' 

14.4" N latitude and 87° 01' 26.1" E longitude. It is perenniai originated from the 

Himalayas. Generally, it has clear water except rainy season. It is located near the 

Kushaha, The head quarters ofKoshi Tappu Wildlife Reserve (Fig. 2 and 3). 

Seepage stream a.t Kush'aha area (Site 2). 

It is situated east to the eastern embankment of Sapta Koshi river, lies between 

26°37' 10.6" N latitude and 87° 01' 38.2" E longitude (Fig. 2 and 4). It is a perennial 

seepage stream. It has 125m to 250m wide marshes on its fringe. The depth of water 

of seepage stream varies in different seasons. This area is rich in biodiversity. 
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Seepage stream at Shripur area (Site 3) 

This site is located outside the reserve area and it is an extenSion of the seepage 

stream which flows from the Kushaha area (Site 2). It is about 2.7 km down than the 

Site 2. It is located between 26° 35' 55.3" N latitude and 87° 00' 46.2" E longitude 

(Fig. 2 and 5). This site is also rich for marshy plant and animal species. 

Titrigachhi daha (Site 4) 

It is an oxbow lake, located within the Koshi Tappu Wildlife Reserve. It lies between 

26° 36' 11.7" N latitude and 87" 00' 53.8" E longitude. Water enters from the Koshi 

river in rainy season. It covers about 3 ha area (Fig. 2 and 6). It is rich in aquatic 

plants and animals. 

Obje!!tives 

The main· objectives of this study are as follows: 

1) To study some physico-chemical parameters of water of some selected sites. of 

the wetlands of the Koshi Tappu Wildlife Reserve and its SI,UTotindings. 

2) To study and record the macro-biota of wetlands of Koshi Tappu Wildlife 

Reserve and its surroundings. 
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Plate 1 

Explanation of figures 

Fig. 3. shows the researcher, performing experiment for the analysis of 
physico- chemical parameters of water of Koshi river. 

Fig. 4. shows the Seepage stream at Kushaha area. 

Fig. 5. shows the Seepage stream at Shripur area. 

Fig. 6. shows the Titrigachhi dah (oxbow lake). 



Plate 1 
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REVIEW OF LITERATURE 



Wetlands include diverse type of habitats and form highly productive ecosystems on 

the Earth. Extensive works have been done by different workers on the physico

chemical and biological parameters of freshwater bodies. 

Fore! is considered as the founder of modern limnology. He worked on Swiss lakes 

and published the book, "Le Leman" in 1892. He also published first limnological 

text book, 'The text book of limnology' in 1901 which provided an impetus for 

investigation in the limnological field. After him, Thienemann (1926) published the 

book "Limnologie''. 

Ganapati (1943) studied ecology of a garden pond. Moyle (1946) studied some 

chemical factors influencing the distribution of ·aquatic plants in Minesota and 

reported nitrates along with phosphates as important factors in freshwater 

productivity. Ruttner (1953) published "Fundamentals of Limnology". Roy (1955) 

found that the higher pH is aSsociated with the phytoplankton maxima. Barret (1957) 

revealed that water temperatur'e affects other physico- chemical characteristics .of 

water body. Das (1957) studied some physico-chemical parameters of Kathura Tal, 

Lucknow and reported their ranges viz. water temperature (15 °C- 30 °C), pH (7.2-

9.2), dissolved oxygen (4 mg/L- 6 mg/L) and free carbon dioxide (17 mg/L- 39 

mg/L). Chakaraborty et al. (1959) studied physico-chemical conditions of the river 

Jamuna at Allahabad and recorded maximum dissolved carbon dioxide in monsoon 

months. Elmore (1961) stated that an increase in temperature of water results in the 

decrease of dissolved oxygen and increase in sediment concentration which hampers 

photosynthesis .and reduces dissolved oxygen level. Needham and Needham (1962) 

published "A Guide to Study Freshwater Biology"; Macan (1963) published 

"Freshwater Ecology". 

A high value of dissolved oxygen content was observed in winter season by Moitra 

and Bhattacharya (1965). George (1966) reported direct correlation between chloride 

content and PH. H~tchinson (1967) provided a remarkable contribution in the field of 

limnology by publishing "Treaties on Limnology" Vol. II. Michael (1969) reported 

the seasonal trends in the physico-chemical factors of freshwater fish pond and their 

role in fish culture. He found direct correlation of carbon dioxide with the amount and 
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nature of biological activity in water. Munawar (1970) made a comparative study on 

the physico-chemical conditions of three ponds of Hyderabad and observed that 

shallower water body change water temperature more quickly. Nasar and Datta 

Munshi (1971) found direct correlation between bicarbonate alkiilinity and pH. 

McColl (1972).,·studied water chemistry and trophic status of seven New Zealand 

· lakes. 

Zutshi and Khan (1971) reported highest Sechhi transparency in the month of January 

from Surinsar and Mansar lake. A strong positive correlation was found between 

atmospheric temperature and water temperature by Kant and Anand (1978). Swamp 

and Singh (1979) reported high chloride during summer season. Laal (1981) studied 

the ecology and productivity of swamps in North Bihar in relation to production of 

fishes and other agricultural co=odities. He reported narrow range of PH in swamps. 

Das (1981) studied seasonal fluctuation in physico-chemical parameters of Nainital 

lakes. He. reported maximum range of surface water temperature and pil in summer 

and minimum in winter. Alkalinity was maximum in winter season and minimum in 

autumn season. Singh eta/. (1982) studied seasonal and diurnal changes in physico

chemical features of the river Brahmaputra at Guwahati. They found high free carbon 

dioxide concentration to be related to low concentration of oxygen and vice-versa. 

Bhowmick and Singh (1985) found that the low values of dissolved oxygen.in the 

summer season were mainly due to high temperature as well as due to microbial 

demand for oxygen in decomposition of suspended and dissolved organic matters. 

Wright et al. (1985) studied the effects of physico-chemical parameters and seasonal 

changes in macro invertebrates in some rivers in the Great Britain. They found 

substantial effects of it on the co=unity structure. Bhowmik (1988) reported 

physico-chemical parameters of water of ten lakes of West Bengal. He recorded 

temperature variations from 18 •c- 32 •c, pH from 6.8- 9.1, total alkalinity from 68 

mg/L -120 mg/L, and dissolved·oxygen from 3 mg/L- 7.2 mg/L. Dobriyal and Singh 

(1989) observed negative correlation between free carbon dioxide and dissolved 

oxygen and positive correlation between free carbon dioxide and temperature. Lerman 

and Wevner (1989) found that the diffusion of carbon dioxide from the atmosphere 

and its storage in lakes cause increase in the alkalinity of water. Singh (1990) studied 
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distribution and seasonal fluctuation of certain physico-chemical features in the 

Bralunaputra river. He reported high bicarbonate alkalinity during winter months and 

minimum transparency during monsoon period. Jindal and Kumar (1993) observed 

inverse correlation of temperature with dissolved oxygen. Gupta and Srivastava 

(1994) studied the water quality ofVaruna river. They reported increased amount of 

. pH when the dissolved oxygen and transparency decreased. Patralekh (1994) studied 

physico-chemical properties in river, spring and pond. He found higher dissolved 

oxygen in river than spring and pond. Lower hardness was observed in monsoon 

season in all the ecosystems. Minimum amount of free carbon dioxide was observed 

during summer in pond and maximum during winter in thermi!l spring. Hardness of 

water was observed greater in river than in pond and thermal spring. Haque and Khan 

(1994) studied. extensively the temporal and spatial distribution of cladocerans along 

with the impact of certain physico-chemical characteristics of the environment on 

them. They reported maximum Secchi disc transparency in September and minimum 

in October. The maximum total alkalinity was noted during post winter months and 

low during monsoon months. The dissolved oxygen concentration was noted lower in 

winter than in spring. Sinha et a/. ( 1994) studied the biodiversity and pollutional 

status in relation to physico-chemical factors of Kawar lake of North Bihar from 

November 1991 to October 1993. They reported varlous chemical factors viz. pH (6.3 

- 7 .23), dissolved oxygen (2.15 mfYL-7 .6 mfYL) and free carbondioxide (2.8 mfYL-

12.75 mfYL). Sharma eta/. (199.4) studied ecology ofKawar lake wetland, Bihar from 

1993 to 1994. They reported the range of physico-chemical properties of water viz. pH 

( 6. 6 5 - 7. 0 8 ), dissolved oxygen (2. 15 Il1fYL - 6. 77 mgiL), free carbon dioxide 

(O.Omg!L- 9.68 mg/L) and total hardness (158.27 mfYL- 428.40 mgiL). Singh.(l995) 

recorded higher transparency .during winter months. Rawat et al. (1995) studied 

morphometry and physico-chemical profile of high altitude Lake· Deoria Tal of 

Garhwal Himalaya from 1990-1991. 

Singh and Singh (1995) studied physico-chemical conditions of the river Sone at 

Dalmianagar (Bihar). Pandey and Lal (1995) studied seasonal variation in physico

chemical factors of hill stream Khanda gad from January to December, 1993. They 

found positive correlation betWeen atmospheric temperature and water temperature. 

Turbidity, water velocity, water discharge were positively related with each other and 

were found maximum in monsoon season. Dissolved oxygen was maximum in winter, 
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when temperature was low. However, free carbon dioxide was found maximum 

during monsoon with high temperature and turbidity. Hydrogen ion concentration was 

·observed moderate throughout the year. Sharma (1996) studied ecology of the Koshi 

River in Nepal-India (North Bihar) from January 1992 to December 1993. He 

reported quite suitable physico-chemical characteristics of the Koshi river water with 

. a high degree of ecological efficiency and enormous potential for biotic development. 

Mishra et al. (1998) studied the seasonal variation of certain physico- chemical 

pai-ameters of a bee!, Assam imd reported marked seasonal.variation in a number of 

parameters. Jain et al. (1999) reported positive correlation between pH and .dissolved 

oxygen -of water of sacred lake of Sikkim. They also reported positive correlation o_f 

water temperature with pH and dissolved oxygen but negative correlation with free:· 

cabon .dioxide and alkalinity. Mishra et al. (1999) worked on liimu?logy_ of a 

freshwater tributary during the Y,ear 1994 and reported maximum· amount of dissolved 

oxygen, total alkalinity and· ~hloride in winter season and free carbon dioxide ·in 

monsoon season. Latifa and Acharya (2001) studied the physico-chemical parameters 

of a freshwater pond (Ja&ir pond). in Jagir Manikganj, Bangaladesh. They reported 

neutral to slightly" alkaline pH 7 - 7 .5, dissolved oxygen 2 mg/L - 5 mg/L and free 

carbon dioxide 6 mg/L - 9 mg/L. 

Though vast number of limnological investigations has been carried out in other 

countries, only a few works have been done in Nepal. Leffler (1969) reported the 

dominance of calcium among cations, low chloride and less than 1 !!g fL phosphorus 

from the high altitude lakes of Mount Everest region. Lohaman et al. (1988) studied 

pre arid post monsoon limnblogical characteristics of lakes of Pokhara and 

Kathmandu valleys. They obtained low alkalinity and conductivity in the lakes of 

Pokhara valley. McEachern (1994) reported 8.4 PH, 0.03 mg/L phosphate and 8.5 

mg/L dissolved o~ygen in Narayani, a lowland(< 1000 m) river of Nepal. Aryal and 

Lacoul (1996) studied water quality and diversity of diatoms ·in Punyamati river. They 

reported high pH, total hardlless, ·BOD at polluted site, where transparency and 

dissolved oxygen were low. Ormerod et al. (1996) reported the pH range between 7. 3 

to 8, chloride 0.4 mg/L to 1.4 mg/L, nitrate 0.06 mg!L to 0.28 mg/L, and phosphate 

0.02 mg/L to 0.04 mg!L from the highland(> 2000 m) rivers of Nepal. No work has 

been carried out earlier on the physico-chemical parameters of water of different 

wetlands of the Koshi Tappu W\ldlife Reserve. 
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Regarding macrophytes, Biswas and Calder (1954) published "A. hand book of 

common water and marsh plants of India and Burma". Kaul et al. (1978) studied the · 

distribution and production of macrophytes in some water bodies of Kashmir and 

reported 43 speCies of aquatic macrophytes. Among these, 28 species were belonging 

to the emergent, 7 to the rooted with floating leaves and 8 to the submerged group. 

: Shah and Abbas (1979) stud~ed seasonal variation in frequency, density, biomass and 

rate of production of some aquatic macrophytes of the river Ganges at Bhagalpur 

(Bihar). They reported 28 species of macrophytes, among which 22 were emergent, 4 

submerged, and 2. floating leaved. Devi (1993) reported 86 species from the Loktak 

Lake, Manipur. Prakash et al. (1994) studied on ecology of fishes in relation to 

macrophytes of a tropical wetland in Begusarai Bihar and reported 41 species of 

macrophytes belonging to 22 families. Sharma (1995) reported 52 species of aquatic 

macrophytes from Kawar lake wetland, Bihar. Bazrni et al. (1996) worked on 

biodiversity of a tropical wetland of Madhubani (Bihar) and reported 38 species of 

angiosperm plants belonging to 34 genera and 25 families, Okr?lll .et al. (1996) 

studied macrophytic vegetation of Waithou lake and reported thirty four species. 

Sharma. (1996) reported 19 species of macrophytes from Koshi river .basin belt of 

Nepal-India (North-Bihar). Gupta (1998) studied on the effects of biotic actiVities on 

primary productivitY of aquatic macrophytes at Varuna river Corridor, Varanasi 

district and reported 14 species of macrophytes. Devi and Sharma (1998) studied 

vegetation ecology of macrophytes of Utrapat lake, Manipur and reported 26 species. 

Sharma et al. (1998a) studied on aquatic and marshy dicotyledonous plant ofManipur 

and reported 61 species belonging to 45 genera and 36 families. Sharma et al. (1998b) 

studied macrophytes of the Loktak lake, Manipur and reported 137 species of plants 

of which 117 ·were monocotyledons, 2 gymnosperms, 16 pteridophytes and 2 

bryophytes. 

The botanical exploration of Nepal began with the visit of Francis Buchanan

Hamilton.to Kathmandu during 1802- 1803 followed by Nathaniel Wallich in 1820-

1821. Thereafter, notable explorations of the country began oniy after the 2nd World 

War. 

In 1952, The Natural History Museum, London sent its first exploration team to Nepal 

followed by one more team in 1954. Several Japanese expedition teains, from Kyoto 

UniversitY in 1952 and 1953, University of Tokyo in 19.63 and 1972 and from Chiba 

16 



University in 1963 and 1971, extensively explored the country from east to west and 

led to the description of hundred of species new to science. A joint endeavour by the 

Natural History Museum, London and the University of Tokyo produced 3 volumes 

of the book "An Enumeration of the flowering plants of Nepal" edited by Hara et al. 

(1978, 1979 and 1982). Another important monument on phytodiversity of Nepal is 

the Himalayan Plants in 3 volumes (Ohba and Malia 1999), published by university of 

Tokyo. Yadav et al. (1983) recorded 39 species of macrophytes from Taudah lake of 

Kathmandu, Nepal. Siwakoti <l?d Jha (1987) reported 234 species of angiosperms 

belonging to 185 genera and 65 families from Biratnagar area of Morang district. 

Smith et al. (1996) studied aquatic biodiversity in the Karnali and Narayani river 

Basins of Nepal. Siwakoti and Verma (1999) reported 743 species of angiosperms 

under 493 genera and 128 families from Biratnagar-Dharan areas. Jha and Jha (2000) 

recorded 946 species of vascular plants belonging to 172 ·families and 661 genera 

from Morang district and adjoining areas of eastern Nepal. 

Regarding annelids and aquatic arthropods little work has been done in Nepal. Malla 

et a/. (1978) studied aquatic insects from the different water bodies of Kathmandu 

valley and reported 59 species. Smith (1978) reported 8 species of gomphidae from 

Nepal. Smith (1981) reported two species of agriidae and 5 species of gomphidae 

from Nepal. Yadav and Mishra (1982) reported 4 species of freshwater leeches from 

Kathmandu valley. Yadav and Shrestha (1982) reported 11 genera of the larvae of 

chironornidae from Nepal. Yadav et al. (1983) studied on benthic fauna of four ponds 

of Godabari Fish Farm, Kathmandu. They reported 27 species of macro-fauna, among 

them chironomid larvae and oligochaeta were dominant. Yadav et al. (1983) studied 

biological parameters of Taudah lake, Kathmandu. They recorded 36 species of 

macro-invertebrates, among them oligochaeta, ephemeroptera, chironomidae and 

mollusca were major groups. Mahato and Yadav (1984) reported 31 species of macro

invertebrates from two ponds of Mahottary district, Nepal. Sharma (1996) reported 2 

species of odonata, 3 species . of ephimeptera, 3 species of diptera, 5 species of 

hemiptera, 7 species of coleopteran, 10 species of orthoptera and 2 species of 

crustacea from Koshi river basin belt of Nepal-India (North-Bihar). Thapa (1998) 

reported 3 7 species of aquatic insect fauna from Beesh Hazar Tal. Shrestha et a/. 

(200 1) reported 8 ·species of genus Macrobrachium from Kaligandaki and Narayani 

ri~e .-~ tha et al. (2002) reported 119 species of insects belonging to order 
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orthoptera, hemiptera and coleopteran. Among the collected insects coleopteran had 

highest species diversity. 

Regarding the studies on mollusca, Sharma (19~6) reported 18 species of gastropods 

and 10 species of bivalves from the Koshi river basin belt of Nepal-India, (North 

. Bihar). Yadav et al. (1980) reported 9 species of snail from a lake and three ponds of 

Kathmandu valley. Yadav (1981)· reported some Planorbis and Limnaea spp. of 

mollusca from Godavari khola. Pfeiffer et al. (1999) reported 11 species of mtissel . 

from Nepal. Subba and Ghosh (2000) presented a list of molluscs collected from 9 

districts and reported 25 species. Subba (2003) made a check list of molluscs of 

Ghodaghodi Tal Area of Kailali district which included 10 species belonging to six 

families. Chhetry (2003) reported 9 species of mollusca from Koshi Tappu Wildlife 

Reserve and its surroundings of which 5 were freshwater and 2 were terrestrial 

species. Surana et al. (2004) studied the molluscs from Chimdi Lake of eastern Nepal 

and reported 14 sp'ecies belonging to 9 families. 

The earliest record of fishery in Nepal goes back to the eighteenth. century. Hamilton 

W!15 the first author to provide a valuable reference on the fishes of Nepal. He noted 

some fishes from Nep~ in his book "An account of the fishes found in the river 

Ganges and its branches" in the year 1822. Since then notable contribution 

concerning the ichthyo-fauna of Nepal has been made by Day (1878), Boulenger 

(1907), Regan (1911), Hora (1937), Menon (1949) and Shrestha (1981). 

Boulenger (1907) reported a small collection of fishes from Nepal. Regan (1911) 

classified the teleostean fishes of the order ostariophysy and recorded 5 ·species from 

Nepal. Hora (1.937) reported some fishes from Nepal. Menon (1949) described the 

fishes from the Koshi Himalayan region belonging to 11. families comprising 26 

genera and 52 species. Swan (1954) collected a good number of fishes during 

California Himalaya expedition to Makalu. De Witt (1960) prepared a checklist of 

fishes of Nepal which included 102 species belonging to 21 families. Thapa and 

Rajbansi (1968) described about hill stream fishes of Nepal. Bhatt (1970) gave 

information about 57 species . of fishes, in his book "The Natural History and 

Economic Botany of Nepal"; Banarescu (1972) studied some cyprinoids fishes from 

the Khumbu Himal of Nepal. Bhatti! and Shrestha (1973) gave an account of 27 
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species of fishes from the Mahakali river in their report, "The Environment of 

Suklaphanta". Shrestha (1981) published a book "Fishes of Nepal" describing 

scientific details of 120 species: Rajbansi (1982) gave.· a list of 171 fish species from 

various sources out of which 164 species were indigenous and 7 exotic species .. 

Terashima (1984) has reported 3 new species of cyprinoids of the genus Schizothorax 

from Rara lake. Jha and Shrestha (1986) reported 57 species of fish from the. Karnali 

river, western Nepal. Edds (1986) studied the fishes of Royal Chitwan National Park 

and listed 113 species. Shrestha (1994) reported 179 species of fish in her book 

"Fishes, Fishing Implements and Methods ofNepal". 

Regarding herpetofauna, the first checklist of the herpetofauna of Nepal provided by 

Swan and Levition (1962r They reported 69 species which comprised 16 amphibians, 

15 lizards, 5 turtles and 33 snakes. Dubois (1974) reported 21. species of amphibians 

from western and central Nepal.· Nanhoe and Ouboter (1987) described the 

distribution of reptiles and ·amphibians in Annapurna-Dhaulagiri region. Shrestha 

(1981a, 1981b) contributed notes on herpetology. 

Shah and Giri (1992} reported some amphibians and their local uses in Arun basin. 

Schleich (1993) reported 125 species of herpetofauna of Nepal which included 38 

amphibians, 24 lizards, 10 turtles and 53 snakes. Shah (1995) made a checklist of 

herpetofauna of Nepal which included 43 amphibians, 27 lizards, 14 turtles and 64 

snakes. Shrestha (1996) reported 156 species ofherpetofauna of Nepal. Shah (1998) 

made a checklist ofherpetofauna of Nepal which included 51 amphibians, 36 lizards, 

14 turtles and 74 snakes. Schleich and Kaestle (2002) published a book ''Amphibians 

and Reptiles of Nepal". 

The authentic study of birds in Nepal was started by the Hodgson. He stayed in Nepal 

about twenty years and collected huge amount of skin of mammals, reptiles and birds. 

He published the cataiogue of birds of Nepal in 1855. Ali (1949) published "Indian 

Hill Birds" and added the knowledge concerning the birds of Nepal-India Border. 

Ripley made collection between 1947 and 1949 from the areas between far west and 

far east of Nepal and published an article "Birds from Nepal'' in 1950. Fleming and 

Traylor (1968) published notes on birds of Nepal. Nepali and Fleming (1971) reported 

about some birds of Nepal. Scully (1979) described his observations on 300 species of 
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birds in a paper "A contribution to the ornithology of Nepal". Fleming et al. (1979, 

1984) studied extensively on birds of Nepal and published "Birds ofNepal". Inskipp 

and Inskipp (1985) published "A Guide to the Birds of Nepal"; Inskipp (1989) 

published a monograph on forest birds of Nepal. Subba (1994, 1995) made a checklist 

of birds ofBiratnagar and Dharan. Baral eta/. (1996) published "Threatened Birds of 

. Nepal". 

' 

Taxonomic study on the mammals of Nepal was started by Hodgson. The contribution 

of Hodgson on the mammals of Nepal and Sikkim actually laid the foundation of 

Himalaya mammology. He (1831, 1833, 1835, 1836, 1837, 1838, 1839, 1841 and 

1844) published papers on mammals of Nepal. Later Blyth (1844) and Horsefield 

(1855) added several species of mammals to the list of mammals ofNeplt!. 

Hinton and Fry (1923) listed 34 genera and 44 species of mammals from Nepal. 

Biswas and Khajuria (1955, 1957) collected small mammals from Khumbu region of 

eastern Nepal and described several species of rodents and pikas. Caughly (1969) 

studied wildlife in, Trisuli watershed. He gave an account of ecogeographic 

distribution of principle wildlife. Weigel (1969) investigated insectivora and rodentia 

of Nepal and listed 10 genera and 14 species. Similarly, Grueber (1969) studied the 

zoogeography, ecology and bionomics of small mammals of east Nepal. Schaller 

(1977) gave an excellent account of Himalayan mammals in his book, "Mountain 

Monarchs". Dahmer (1978) worked on the ecology of Wild water buffalo (Bubalus 

bubalis). Johnson et al. (1980) gave authentic records of doubtful mammals of Nepal. 

Abe (1982) reported 28 species of small mammals from central Nepal. Suwal and 

Verheught (1995) gave comprehensive account of mammalian fauna ofNepal; they 

recorded a total of 181 species of mammals belonging to 12 orders and 39farnilies. 

Shrestha (1997) published "MI:!flll11als of Nepal". Majupuria and Majupuria (1998) 

published a book on Wildlife, "National Park and Reserve of Nepal". Shah et al. 

(2002) reported 30 species of mammals including Tibetan wild ass (Kiang) Equus 

hemionus kiang and Tibetan gazelle (ghowa) Procapra picticaudata, which were 

recorded for the first time from Nepal. 
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MATERIALS AND METHODS. 



I 

Physico - chemical parameters 

For the study of physico-chemical parameters four sites were selected where water 

remained throughout the year. These sites were Koshi river (Site 1 ), .Seepage stream 

at Kushaha area (Site 2), Seepage stream at Shripur area (Site 3) and Titrigachhi daha 

(Site 4). The three sites (Site 1, Site 2 and Site 3) were !otic water bodies and one 

· (Site 4) was oxbow Jake. The Site 1 and Site 4 were situated within the Koshi Tappu 

Wildlife Reserve. The Site 2 and Site 3 were situated at outskirts of the reserve. The 

study period was two years from July 2002 - June 2004. The water for physico

chemical studies were· collected-from four sites between 8 A.M. and ·11 AM., once in 

every month at regular interval. The air temperature and physico- chemical 

parameters ofwater.were analysed in the field. However, the BOD test after 5 days 

incubation in the incubator was done in the laboratory of Post Graduate Campus, 

Biratnagar. Transparency, air temperature and water temperature were recorded 

between 12 noon and 1 P.M. 

For the analysis of physico-chemical parameters Welch (1952), Michael (1984), 

Trivedi and Goel (1984), Adoni et al. (1985), Zobel et al. (1987) and APHA (1998) 

were adopted. 

Reagents for water Analysis 

J\!lauganous sulphate 

48 gm ofMnS04 4H20 was dissolved in 100 ml of distilled water. Then the solution 

was filtered through an ordinary filter paper and kept in a reagent bottle. 

Alkaline Iodide-Sodium azide (NaN3) Solution 

SO gm of NaOH and 13.5 gm Nai was dissolved in 75 ml of distilled water. The 

solution was cooled and diluted to 100 ml distilled water. Thus, Alka!ine Iodide 

solution was prepared. Then, 1 gm of NaN3 was dissolved in 4 ml of distilled water 

and added to the Alkaline-Iodide Solution. 

Sodium thiosulphate Q'!azSzOJ) Solution, 0.02SN 

6.205 gm of sodium thiosulphate was dissolved in distilled water and diluted to 1 litre 

distilled water. 5 ml of chloroform was·added as a preservative and was kept in a 

brown glass bottle. 
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Starch Indicator 

1 gm of starch powder was dissolved in 100 ml of warm distilled water and few drops . 

of toluene were added to it as preservative. 

Sodium hydroxide, 0. 05 N 

·· 10 gm ofNaOH was dissolved in 250 ml of C02 free distilled water to prepare 1.0 N 

NaOH solution. This solution was kept in a polythene air tight bottle and again diluted 

20 times. to prepare 0.05N solution at the time of titration and standardized with HCl. 

Phenolphthalein Indicator 

0.5 gm of Phenolphthalein was dissolved in 50 ml of 95 % .ethanol and 50 ml of 

distilled water wa5 added. Then- 0.05N NaOH solution was added drop wise until the 

solution turned to pink colour. · 

Hydrochloric acid, 0.1~ 

12N concentrated HCl (Sp.gd.l8) was diluted to 12 times ·with distilled water .. 

Further, it was diluted 10 times. It was standardized against sodium carbonate 

solution. 

Methyl Orange Indicator 

0.5 gm methyl orange was dissolved in 100 ml of distilled water and kept in a reagent 

bottle. 

EDTA solution O.OlM 

3. 723 gm of disodium salt of EDTA was dissolved in distilled water and volume was 
. 

increased up to 1 litre. The solution was stored in polythene bottle. 

Ammonia buffer solution . 
0 

Solution a) 16.9 gm of ammoniUm chloride (NH4cl) was dissolved irt 143 ml 

concentrated ammonium hydroxide (NH40H). 

Solution b) 1.179 gm of disodium EDTA and 0.780 gm of MgS04 .1H20 were 

dissolved in 50 ml distilled water. Then (a) and (b) solution were mixed and diluted to 

250 ml with distilled water. 
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Eriochrome Black T Indicator 

0.40 gm ofEriochrome Black Twas mixed with 100 gm NaCl and grinded. 

Silver nitrate 0;02N 

3.400 gm ofAgN03 was dissolved in distilled water and volume was increased up to 

- 1 litre. The solution was kept in dark glass bottle. 

5 % Potassium chromate (K2Cr04) Solution 

5 gm ofK2Cr04 was dissolved in 100 m1 of distilled water. 

Methods for Water Analysis 

Temperature 

The air and water temperature were measured by using a standard mercury 

thermometer graduated up to so" •c with a precision of 0.1 •c. The water temperature 

was recorded by dipping the bulb in water. In each case the thermometer was shaded 

to prevent direct sunlight on the thermo?leter and the reading were recorded only after 

getting constant mercury iil thermometer column. 

Transparency· 

The transparency of water was measured with the help of Secchi~disc. It is a metallic 

plate of 20 em diameter, having four alternating black and white quadrants on its 

upper surface and a graduated rope tied with a central hook of the disc. Disappearance 

and appearance length of the rope was recorded by descending and ascending the disc 

in the water. Then· the transparency of the water was calcula~ed by arithmetic mean of 

the disappearance and appearance readings. 

Transparency (D) = Just disappearance (X) +Just reappearance (y) = em. 

2 

Hydrogen ion concentration (PH) . 

It was measured by a portable pH meter, model HI8314. 
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Dissolved oxygen 

The dissolved oxygen of water samples were estimated by azide modification method 

For this 300 ml water sample was taken in a glass stopper BOD bottle avoiding 

agitation. 2 ml of manganous sulphate was added to the sample water and. after few 

seconds 2 ml of alkaline iodide azide solution was added. The precipitation was 

· allowed to settle down. After that 2 ml of cone. HzS04 was added and shaken 

thoroughly to dissolve the precipitate. Then, 100 ml of sample was titrated against 

0.025N Sodium thiosulphate solution using starch as an indicator. The calculation was 

made by following formula. 

Dissolved oxygen in mgiL = Cml x N) of titrant x 8 x 1 000 

V2 (VI- v)NI 

where, V 1 = volume of sample bottle after placing the stopper. 

Vz =volume of the part of the contents titrated 

v = vo))llrie ofMnS04 and alkaline iodide azide solution. 

Free Carbon dioxide (FCOz) . 

Free carbon dioxide was tested by titrimetric method using phenolphthalein indicator. 

100 ml sample water was taken in a conical flask and a few drops of phenolphthalein 

indicator were added. The sample·water did not become pink and remained clear it 

indicated the presence of free carbon dioxide. Then the titration of sample water was 

done with O.OsN NaOH until appearance of pink colour. The used volume ofNaOH 

was noted and the fmal calculation was made as follows: 

Free C02 mgiL = (ml x N) ofNaOH xlOOO x 44 

Volume of sample water 

total alkalinity 

The total alka1inity was measured by titration method. 1 00 ml of sample water was 

taken in a conical flask and a few drops of phenolphthalein indicator were added in it. 

The sample did not turn pink. Then, 2 to 3 drops of methyl orange indicator was 

added to the same sample and the titration was done with 0.1N HCl .untiL the yellow 

colour changed to pink. The volume used was recorded and the total alkalinity 'was 

calculated as follows: 
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Total alkalinity as Ca C03, mg/L = (B xN) HCl xlOOO x 50 

·Volume of sample 

Where, B =volume of acid used with phenolphthalein and methyl orange. 

Total hardness 

Total hardness of sample water was determined by EDTA titrimetric method. For the 

~tration, 50 ml of sample water _was taken in a conical flask and 1 ml of buffer' 
' 

solution was added. Then, about 100 mg of Erichrome Black T indicator-was added 

and the solution ~ed to wine red colour. The solution was titrated With O.OlM 

EOTA solution until the colour changed to blue. 

Total hardness, mg/L as (CaC03) = Used volume of EDT Ax 1000 

Volume of water sample. 

Chloride 

The chloride of water sample was determined by Argentoinetric method. 50 ml of 

sample water was taken in a conicill flask and 2 ml of K2Cr04 solution was added. 

That solution was titrated against 0.02N AgN03 until a persistent reddish brown 

colour appeared. The volume of titrant was noted and the final calculation was done 

as follows. 

Chloride, mg/L = (ml x N) of AgN01 x 1000 x 35.5 

Volume of sample 

Biological oxygen demand (BOD) 

Biological oxygen demand (BOD) was estimated by azide modification method 

(APHA, 1998)!,: m~asuring the difference of oxygen concentratio~ between the initial 
~~- ' - . . -

and incubated sample for five days at 20"C in a BOD incubator. The calculation of 

BOD was done as follows: -

BOD mg/L = D,- D2 

Where, D, =Initial dissolved oxygen (mg/L) 

D2 =Dissolved oxygen after five days (mg/L) 
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Macro - Biota 

The macro-biota were collected and observed randomly in every month from the 

study area. 

Macrophytes 

For the study of aquatic macrophytes, plant species were collected randomly from the 

whole aquatic bodies of study area. The aquatic plants were collected randomly every 

month froin different types of wetlands by using hook stick, boat etc. Immediately 

after collection, photographs were taken then the plants were numbered and pressed to 

make herbarium. Some small plants were kept in 10 % formalin for preservation. 

Collected plants were identified and classified with the help ·of standard literature ( 

Beddome,1883,1892; Sculthrope,1967; Subramanyum,1974; Babu,1977; 

Hara et a/.,1978; Polunin and Stainton, 1984; lwatsuki, 1988; Koba et 

al., 1994; Kihara, 1995; Cook, 1996; APHA, 1998; and Press et al., 

2000). 

The plant species were classified into seven categories as per the scheme of Cook 

(1996): 

(A) Plants not physiologically bound to water 

but tolerating longer periods of submergence ..................... .. Helophytes 

(B) Plants physiologically boun~ to water 

with at least part of the generative cycle 

submerged in or floating on water : 

(1) Plants with the Juvenile phase 

submerged in or floating on water and the adult 

(flowering) phase terrestrial .......................................... ... Tenagophytes 

(2) Plants rooted in the substrate with all 

photosynthetic parts submerged : 

(a) Leaves borne in rosette ............................................. ... Rosulate 

(b) Leaves arranged along elongated stems ............... ............. Vittate 

(3) Plants with some photosynthetic parts in 
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contact with air : 

(a) Plants free floating on the surface, not 

attached to or penetrating the substrate ............................. . Pleustophytes 

(b) Plants with roots penetrating the 

substrate: 

( i) Leaves and I or stems floating on 

but not arising above the water 

surface ................................................... .. Epihydates 

( ii) Leaves and I or stems emerging 

the water surface ...................................... .. Hyperhydates 

Annelids and Arthropods 

The annelids were collected wit)l the help of forceps and long steel tounge. Collected 

specimens were kept in plastic containers in 6 % formalin. 

The arthropods were collected with the help of fisher men and local people. They 

used different types of nets and traps. Then with the help of forceps the collected 

specimens were kept in 6 % formalin for further study. The collected specimens were 

identified with the standard literature (Pennak, 1953; Ward and Whipple, 1959; Dillon 

and Lawrence 1961; Needham and Needham, 1962; Mellanby 1963; Rose, 1965; 

Edmondson, 1966; Mirrit and Cummins, 1978; Tonapi, 1980; Klemm, 1982; 

Klemm, 1985; Ward, 1992; Datta Munshi and Datta Munshi, 1995; and APHA, 

1998). 

Molluscs 

The molluscs were mainly collected by hand picking method and also with the help of 

nylon cloth net ( 4.0 mesheslcm2
), nylon scoop, forceps etc. The collected specimens 

were kept in polythene bags and plastic containers. Then the animals were preserved 

in 5 % formalin for further ,study. Dead specimens with dry shells were also collected. 

Identifications· were made according to. Preston (1915), Baker (1928a, 1928b), 

Goodrich (1932), Mellanby (1963) and Subba Rao (1989). 
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Fishes 

Fishes were collected with the help of fisher men. Fisher men used different tools e.g. 

Rod and Line (Balchhi), different types of nets (Gill net, Cast net, Thakauli net, Scoop 

net etc.), traps (Chanch, Dhasa, Sola or Hoka, Ganj, Khunga or Badara Dhadiya etc).

Sometimes fishes were also picked up from the crevices of rocks, shallow marshes 

· and mud burrows .. The collected. fish specimens were preserved in 10 % formaldehyde 

solutions for further study and identification. For the identification of fishes different 

standard literature were consulted like Day (1878), Srivastava (1992), .Jayaram · 

(1981), Shrestha (1981), Jhingran (1991), and Shrestha (1994). 

Herpetofauna . 

The amphibians were collected by the help of local people and fisher men. They used 

different materials like rubber glove, long iron tongue, different nets (Cast net, Scoop 

net etc.). The collected specimens were preserved in plastic containers in 10 % 

formalin for further study. 

In case of reptiles, long iron tongue, rubber glove, scoop net, plastic container etc. 

were mainly used for collection. Some of the collected specimens were preserved in 

10 % formalin for further study. Some reptiles were released after taking photographs. 

Informations about snakes were collected from local people. Reports about the 

presence of Gavia/is gangeticus and Crocodylus palustris were also collected from 

local people. 

The collected specimens ·Of amphibia and reptile were identified with standard 

literature (Stebbins, 1966; Cochran and Goin, 1970; Shrestha, 1981a; Daniel, 1983; 

Conant and Collins, 1991; Das, 1991; Schleich, 1993; Murthy, 1995; Shrestha, 2001; 

and Schleich and Kaestle, 2002). 

Aves· 

The population of birds was estimated in every month by direct counting method. 

Binocular and Zoom camera were used during bird watching. The main field books 

for the identification of birds were of Inskipp and Inskipp (1985), Ali and Ripley 

(1986), Fleming et al. (2000) and Shrestha (2000). The check list of observed birds 

was prepared. 
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Mammals 

In case of mammals, they were recorded in their original habitat. In addition to the 

visual observ~tions, the presence of some species was also confirmed by their 

markings and droppings. Their identification was done by following standard books 

of Corbet and Hill (1992), Shrestha (1997), and Majupuria and Majupuria (1998). 

Statistical Analyses 

Standard deviation, correlation coefficient were calculated by using Microsoft excel . 
statistical function of computer. software. The significance of correlation coefficient 

was tested by appiying t- test. It was done manually. Two way AN OVA was used t() 

test the significant and insignificant difference. among sites and seasons and ·it was 

done by using Microsoft excel statistical function of computer software. 
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OBSERVATIONS AND RESULTS 



Air temperature and physico"~,:hemical parameters of water of four sites 

Site l(Koshi river) 

Results of the air temperature and physico-chemical parameters of water of Site I 

(Koshi river) are shown in Table 2 and Table 3. Table 2 shows the results of air 

temperature and physico-chemical parameters of water of the first year (July 2002 to 

Juhe 2003) study period. Table 3 shows the results of air temperature and physico

chemical parameters of water of the second year (July 2003 to June 2004) study 

period. Table 4 shows the correlation coefficient (r) of air temperature and different 

physico-chemical parameters of water at Site 1. The Fig. 7 shows the monthly 

viuiations in air temperature at Site 1 in the first year and the second year study 

periods. The Figs. 8 -16 show the monthly variations of different physico-chemical 

parameters ofwat~r at Site 1 in the first year (July 2002 to June 2003) and the second 

year (July 2003 to June 2004) study periods. 

Air temperature . 

The minimum air temperature was 18. 3 ±0. 5 94 °C in the month of January and 

maximum 3 2. 7 ±0. 4 2 7 °C in the month of May during the first year study period 

(JUly 2002 - June 2003). The air temperature increased a little in August then 

decreased from September to January. Again it increased from February to May then 

a slight decrease was recorded in June and increased a little in July during the the first 

year study period (Table 2 and Fig. 7). Similar pattern of air temperature was 

observed in the second year study period (July 2003 - June 2004) also (Table 3 and 

Fig. 7). The maximum air temperature was 33.1±0.497 °C in the month of May and 

minimum 18.5±0.452 °C in the month of January during the second year study 

period. The air temperature had positive and significant correlation with water 

temperature (r = 0.9811, P<0.01}, free carbon dioxide ( r = 0.8259, P<O.Ol} and 

biological oxygen demand ( r = 0.7196, P<0.01) but inverse and significant 

correlation with transparency ( r = - 0.8885, P<O.Ol), pH ( r = - 0.5670, P<O.Ol), 

dissolved oxygen (r = - 0.8424 P<O.Ol), total alkalinity (r = - 0. 9264 P<O.Ol), total 

hardness ( r =- 0.6072, P<0.01) and chloride ( r =- 0.3624, P<0.10) (Table 4). 
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Water Temperature 

The lowest surface water temperature was 14.3±0.550 °C in the month of January and 

highest 29.1 ± 0.320 °C in the month of August during the ·first year study period 

(July 2002 - June 2003 ). The 'water temperature increased a little in August then 

decreased from September to January. Again it increased from February to May, then 

a slight decrease was recorded in June followed by an increase in July during the first 

year study period. (Table 2 and Fig. 8). Similar pattern of water temperature was , 

observed during the second year study period (July 2003 - June 2004) also (Table 3 

and Fig. 8). The maximum water temperature was 29.2 ± 0.549 °C in the month of 

August and the minimum 15 .2±0. 64 8 °C in the month of January during the second 

year study period (July 2003-June 2004). The water temperature had positive and 

significant correlation with free carbon dioxide (r = 0.7784, P<0.01) and biological 

oxygen demand (r =0.7122, P <0.01), but inverse and significant correlation with 

transparency (r = ~0. 8498 P<0.01), pH (r = -0. 4981 P< 0.05), dissolved oxygen (r =- · 

0. 8073, P<O.Ol) total alkalinity (r=- 0.9000, P<O.Ol) and total hardness (r= -0.5763, 

P<O.Ol (Table 4). 

Transparency 

It was found that the transparency increased from the month of August to January and 

then decreased from February to July during the first year (Table 2 and Fig. 9) and the 

second year study periods (Table 3 and Fig. 9). The maximum transparency was 54.1 

±_ 0.770 em in the month of January and minimum 13 ± 0.337 em in the month of July 

during the first year study period. During the second year study period, the maximum 

transparency was -62.6 ±0.904 .em in the month of January and minimum 14.3 ± 

0.402 em in the month of July. The transparency had positive imd significant 

correlation wifu pH (r =0. 5225 P<0.0.1), dissolved oxygen (r = 0.9151, P<0.01), total 

alkalinity (r = 0.9561, P<O.Ol), total hardness (r = 0. 8495, P<O.Ol) and chloride (r = 

0.4666, P< 0.05), but inverse and significant correlation with free carbon dioxide (r = 

- 0.9137, P<O.Ol) and biological oxygen demand (r = '- 0.4829, P< 0.05) (Table 4). 
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pH 

The pH of water of the Koshi ri:ver increased a little in August then a slight decrease 

was recorded i:n September. Again it increased from October to January th~n 

decreased from February to May and increased from June to July during the first year 

study period (Table 2 and Fig. 10). The minimum pH was 7.5 ± 0.309 in the month of 

May and maximum 8.2 ± 0.231 and 8.2 ± 0.231 in the month of August and January, 

respectively during the first year study period. During the second year study period,.it 

decreased from August to September then increased from October to January. Again 

it decreased from February to May then increased from June to July (Table 3 and 

Fig.IO). The minimum PH was 7.6± 0.182 and 7.6 ±0.141 in the month of September 

and May, respectively and maximum 8.3 ± 0.216 in the month of January during the 

second year study period.· pH h11d positive and significant correlation with dissolved 

oxygen (r = 0.5491, P<O.Ol) and total alkalinity (r = 0.5577, P<0.01) but inverse and 

significant correlation with free carbon. dioxide (r = - 0.4909, P<0.05) and biological 

oxygen demand (r =- 0.6496, P<O.Ol) (Table 4). 

Dissolved oxygen 

The dissolved oxygen increased from July to January and decreased from February to 

June during the first year (Table 2 and Fig. 11) and the second year study periods 

(Table 3 and Fig.ll). The maximum dissolved oxygen was 11.23 ± 0.297 mg/L i:n 

the month of January and the minimum 7.11 ± 0.335 mg/L in the month of June 

during the first year study period. In the second year study" period, the maximum 

dissolved oxygen was 11.3 ±0.258 mg/L i:n the month of January and mi:nimum 7.22 

± 0.248 mgiL i:n the month of June. The dissolved oxygen showed positive and 

significant correlation with total alkalinity (r =0. 9404, P<O.Ol) and total hardness (r = 

0.8144, P< 0.01) but inverse and significant correlation with free carbon dioxide (r=-

0.9308, P<O.Ol) and biological oxygen demand (r =- 0.5717, P <0.01) (Table 4). 

Free carbon dioxide 

The free carbon dioxide decreased from July to January then increased from February 

to June during the first year (Table 2 and Fig.l2) and the second year study periods 

(Table 3 and Fig.l2). The maximum free carbon dioxide was 5.92 ± 0.326 mg/L i:n 

the month of June and mi:nimun14.34 ± 0.287 mg/L in the month of January during 
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the first year study period. During the second year study period, the maximwn free 

carbon dioxide was 5.84 ± 0.279 mg/L in the month of June and minimwn 4.15 ± 

0.179 mg/L in the month of January. Free carbon dioxide showed positive and 

significant correlation with biological oxygen demand (r =0.6214, P<0.01) but inverse 

and significant correlation with total alkalinity (r = -0.9004, P<0.01) and total 

hardness (r =- 0.8287, P<0.01) (Table 4). 

Total alkalinity 

The total alkalinity increased from August to January and decrease from February to 

July during the first year (Table 2 and Fig.l3) and the second year study periods 

(Table 3 and Fig.l3). The maximwn total alkalinity was 116.52 ±1.045 mg/L in the 

month of January and miniinwn 46.32 ± 0. 721 mg/L in the month of July during the 

. fi.rst year . study period. During the second year study period, the maximwn. total 

alkalinity was 11 8. 62 ± 1 . 0 9 0 mg/L in the month of January and minimwn4 8 .4 5 ± 

0. 6 8 4 mg/L in the month of July. It had positive and significant correlation with total 

hardness (r = 0.7641, P<0.01) and chloride (r = 0.4700, P<0.05) but inverse and 

significant correlation with biological oxygen demand (r = - 0.5706; P<0.01), (Table 

4). 

Total hardness . 

The total hardness increased fr?m August to March and decreased from April to July 

during the first year (Table 2 and Fig.l4) and the second year study periods (Table 3 

and Fig.14). The maximwn total hardness was 67.55 ± 0.463 mg/L in the month of 

March and minimwn 27.63 ± 0.679 mg/L in the month of July during the first year 

study period. During the second year study period, the maximwn total hardness was 

68.11 ± 0.628 mg/L in the month of March and minimwn 29.34 ± 0.603 mg/L in the 

month of July. It had positive and significanant correlation with transparency 

(r=0.8495, P<O.OJ), dissolved oxygen (r= 0.8144, P<0.01) and total alkalinity (r= 

0.7641, P<0.01) and inverse and significant correlation with air temperature (r=-

0.6072, P<0.01), water temperature (r= -0.5763, P<0.01), and free carbon dioxide (r= 

-0.8287, P<0.01) (Table 4) · 
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Chloride 

The maximum chloride was 12 .IS± 0. 260 mg/L in the month of January and minimum 

7:25 ± 0.216 mg!L in the month of September during the first year study period 

(Table 2 and Fig.1 5). During the Sl;lcond year study period, the maximum chloride was 

12.75 ±0.229 mg!L in the month of January and minimum 7.94 ±0.164 mg'Lin the 

month of September (Table 3 and Fig.IS). It had positive and significant correlation · 

with transparency (r= 0.4666, P<O.OS) and total alkalinity (r= 0.4700, P<O.OS), and 

inverse and significant correlation with air temperature (r= -0.3624, P<O.lO) (Table 

4). 

Biological oxygen demand 

The biological oxygen demand decreased from July to January and increased from 

February to May. Again it decreased a little in June during the first year (Table 2 and 

Fig.l6) and second the year study periods (Table 3 and Fig.16). The maximum 

biological oxygen demand was 1.35 ±0.062 mg'L in the month of May and minimum 

0~75 ±0.042 mg/L in the month of January during the first year study period. During 

the second year study period, the maximum biological oxygen demand was 1.33 

±0.030 mg/L in the month of May and minimum 0.65 ± 0.039 mg/L in the month.of 

January. It had positive and significant correlation with air temperature (r"' 0. 7196, 

P <0.01), water temperature (r = 0. 7122, P<O.Ol) and free carbon dioxide (r = 0.6214, 

P <0.0 1) but inverse and significant correlation with transparency (r = ~ 0.4829 P< 

0.05), pH (r "' - 0.6496, P<0.01), dissolved oxygen (r ,;, -0.5717, P<0.01) and total 

alkalinity (r= -0.5706, P<0.01) (Table 4). 
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Table 2 Air temperature and physico-chemical parameters of water at Site 1 
(Koshi river) from July 2002- June 2003 (Mean± S.D., N = 9). 

Parameters Months 

Jul. Aua. Seo. Oct. Nov. Dec. Jan. Feb. March Apr. Mav Jun. 
Air 
temperature 30.2 32.4 29.6 27.3 23.4 20.7 18.3 26.6 27.5 31.4 32.7 28.3 
<•c l 

,0.466 ,0.651 ,0.523 ,0.503 ,0.668 ,0.442 ,0.594 ,0.416 ,0.4115 ,0.494 !0.427 ,0.552 

Water 
temperature 27.1 29.1 24.4 24.2 18 17.2 14.3 23.6' 25.3 28.2 28.3 24.2 
c·c l 

,0.435 ,0.320 ,0.337 ,0.706 •,0.490 ,0.424 ,0.550 ,0.552 ,0.587 ,0.618 ,0.585 ,0.561 

Transparen 13 14 14.6 29 45 51.3 54.1 43.2 41.2 15 14.5 14.1 
cy(cm). 

,0.337 ,0.320 ,0.512 !().~ ,0.906 ,0.822 ,0.770 ,0.914 ,0.799 ,0.442 ,0.508 ,0.394 

pH a! 8.2 7.7 . 7.9 8.1 8.1 8.2 8.1 7.8 7.6 7.5 '7.6 .. 
,0.240 ,0.231 ,0275 !!!.283 ,0.254 ,0.258 ,0.231 ,0.327 ,0.294 ,0298 ,0.309 ,0236 

.. 
Dissolved 
oxygen 7.5 8.24 8.72 9.15 9.62 10.41 11.23 10.62 9.62 8.11 7.13 7.11 (DO,), 
(mg/L) 

,0.287 ,0.259 ,0.352 ,0.266 ,0.326 ,0.238 ,0.297 ,0.301 ,0.326 ,0.360 ,0.258 ,0.335 

Free 
carbon 
dioxide 5.63 5.33 5.32 4.72 4.63 4.43 4.34 4.63 4.85 5.32 5.78 5.92 
(CO,) (mg/ 
L) 

,0.320 ,,0.240 ,0.215 ,0.349 ,0.313 ,0.257 ,0.287 ,0.313 ,0.231 ,0.290 ,0.326 ,0.326 

Tolal 
alkalini1y 46.32 50.42 • 56.32 75.46 86.24 107.21 116.52 85.67 '69.58 56.55 50.35 48.45 
Crm1/ Ll. 

,0.721 ,0.656 ,0.616 ,0.659 ,0.811 ,0.767 !1.045 ,0.689 ,0.575 ,0.579. ,0.680 ,0.544 

Toial 
hardness 27.63 37.76 49.65 54.51 57.54 59.45 60.67 63.65 67.55 50.54 43.63 35.45 
(mg/ L) 

,0.679 ,0.593 ,0.514 ,0.629 ,0.611 ,0.515 ,0.405 ,0.419 ,0.463 ,0.513 ,0.501 ,0.443 

Chloride 10.25 9.54 7.~ 9.83 10.26 11.64 12.15 11.5 10.73 11.33 11.24 10.82 
(mg/L) 

,0.216 ,0.227 ,0.216 ,0.263 ,0.241 ,0270 ,0.260 ,0.279 ,0.245 ,0.254 ,0.250 ,0219 

Biological 
Oxygen 
Demand ~98 ~95 ~91 ~87 ~8.1 0.79 0.75 U3 1.16 1.24 1.35 1.1 
(BOD), (mg/ 
L) 

,0.025 ,0.045 ,0.059 ,0.058 . ,0.050 ,0.042 ,0.042 • ,0.043 ,0.068 ,0.043 ,0.062 ,0.045 

35 



Table 3 Air temperature and physico-chemical parameters of water at Site 1 
(Koshi river) from ~uly 2003- June 2004 (Mean± S.D., N = 9). 

Months 
Parameters 

Jul. Aug. Sep. OcL Nov. Dec. Jan. Feb. Man:h Apr. May 

Air 
temperature 29.2 32.3 2a.7 27.00 22.5 19 18.5 26 27.a 32.5 33.1 
('C) 

!1).426 !1).697 !i).Jn !1).339 !1).429 !0.459 !1).452 !1).539 !1).746 !1).461 ;t0.497 

Water 
temperature 25.5 29.2 24.3 . 24.1 1a.2 16.1 15.2 23.5 25 27.2 29.1 
('C) 

;t0.61a ;t0.549 ;t0.616 ;t0.629 ;t0.575 ;t0.556 ;t0.648 ;t0.641 !<).596 !1).605 ;t0.7a9 

Transparen 14.3 16.3 1a.5 29.3 49.4 56.3 62.6 47.a 42.2 25 17 
cy (em). 

!1).402 ;t0.727 !1).728 !1).949 !1).944 !1.0187 ;t0.904 ;tO.a13 !i).a53 !l).a11 ;t0.464 

pH a.2 a 7.6 7.a 7.9 8.1 a.3 a.1 7.9 7.7 7.6 

Jun. 

29 

!i).3ao 

24.7 

;t0.697 

14.4 

!0.403 

a 

!1).216 ;t0.166 !1).1a2 !1).1aa !1).216 !1).245 !1).216 !1).1a2 !1).210 . !1).290 !1).141 . !1).210 

Dissolved 
oxygen 7.52 7.91 8.63 9 9.63 10.2 11.3 10.!1 8.7 8.36 7.34 7.22 
(DO,), 
(mg/L) 

!1).204 ;t0.242 !1).249 !1).230 !<).294 !1).301 !i).25a !1).246 !1).240 !1).157 !1).226 !i).24a 

Free 
carbon 
dioxide 5.74 5.22 5.14 4.5 4.4 4.23 4.15 4.54 4.83 5.46 5.62 5.84 
(CO,) 
(mg/L) 

!1).179 ;t0.209 !1).157 !1).230 ;t0.249 !1).236 !1).179 !1).195 !1).226 !1).204 !1).244 !0.279 

Total 
alkalinity 46.45 52.5 53.54 67.23 a6.13 104.34 11a.62 a9.35 71.56 58.62 52.53 49,72 
(mg/L) 

!1).684 !1).621 !i).S01 !1).756 !1).753 !1).723 !1.090 !1).793 !1).904 !1).651 !1).719 !i).n9 

Total 
hardness 29.34 40.a3 47.63 52.a2 60.65 62.46 63.52 65.12 68.11 53.14 43.52 37.34 
(mg/L) 

!1).603 !1).846 !1).529 !1).511 !1).565 !1).5a2 ;t0.614 !1).635 !1).62a !1).639 !1).511 !1).636 

Chloride 11.25 9.a2 7.94 9.56 10.57 12.29 12.75 11.64 10.42 12.64 11.4 11.5 (mg/L) 

;t0.216 . !1).174 !1).164 ;t0.231 !1).210 !1).260 ;t0.229 !1).216 !1).219 . !1).195 :t<J.1aa !1).193 

Biological 
Oxygen 
Demand 0.95 0.92 0.68 o.a6 0.64 o.a1 0.65 0.9a 1.12 1.25 1.33 0.99 
(BOD), 
(mg/L) 

!1).021 !1).027 !1).066 !1).049 !1).037 !1).034 ;t0.039 !1).034 !1).042 !1).057 !1).030 !i).04a 
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Table 4 Pearson's correlation coefficient (r) for air temperature and physico
chemical parameters of water at Site 1 (Koshi river) during July 
2002- June 2004. N=24, d. f.= 22 

Dissolved Free 
Water Transparency carbo" Total Total Chloride Parameters temperature . p~ 

oxygen dioxide alkalinity hardness 
("C I (em), (DO,), 

~~~ (mg/L) (mg/L) (mg/L) 
(mg/L) 

Air lemperature 
(oC) 0.9811" -08885" -0.5670• -0.8424" 0.8259" -0.9284" -0.6072" -0.3624"" 

Water 
temperature 
r•ci 

-0.8498' -0.4981" -0.8073" o.n84• -0.9000" -0.5783' -0.3256 

Transparency 0.5225' 0.9151' -0.9137' 0.9561" 0.8495" 0.4666" (em). 

P" 0.5491" -0.4909" o.55n' 0.1488 0.3184 

Dissolved 

OX)'~f." (rnoJL) 
-0.9308' 0.9404" 0.8144' 0.2870 

(00,' 
Free carbon 

1io~~~ t) 
.0.9004" -0.8287' -0.1885 

co,, (mg/1. 

Total alkalinity 0.7841' 0.4700" (mg/1.) 

Total hardness 0.2521 (mg/1.) 

Chloride (mgil) 

(i) • Significant, at 1% level (P<O.OI), •• significant at 5% level (P<O. 05),••• 

significa.nt at 10% level (P<O.IO) 

(ii) Values not marked denote non-significant correlation. 
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Biological 
OKygen 
Demand 

~~~l· 
0.7196" 

0.7122" 

-0.4829" 

-0.6496" 

-{).5717' 

0.6214' 

.().5706' 

.0.1794 

0.1625 



Jul. Aug. Sep Oct. Nov. Doc. Jan. Feb, Mar. Apr. May Jun. 

~Year I 

(;!)Year II 

Fig. 7 Monthly variations in air temperature at Site I during the first and the second 
year study periods. 

Jul. Aug. Sap . Oct. Nov. Dac. Jan. Fab. M.r. Apr. May Jun. 

~Year I 
f§l Year II 

Fig. 8 ·Monthly variations in water temperature at Site I during the first and the 
second year study periods. 
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Jul, Aug. Bep Cd. Nov, Dec. Jan, hb. Mal'. Arw. Mar Jun. 

Fig. 9 Monthly virriations in transparency of water at Site I during the first and the 
second year study periods. 

3lYear I 

li!l Year II 

Fig. 10 Monthly variations in pH of water at Site I during the first and the second 
year study periods. · 
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Jul. Aug. S.p CCL Nov. Dtc. Jan. feb. Mar, Apt, May Jun. 

Ill Year I 

GlYear II 

Fig. 11 Monthly variations in dissolved oxygen of water at Site 1 during the first 
and the second year study periods. 

Jul. Aug. Sop OcL Nov. Doc. Jan. Feb. Maf. Apr. May Jun. 

l:i!Yearl 

13 Year II 

Fig. 12 Monthly variations in free carbon dioxide of water at Site 1 during the first 
and the second year study periods. 
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Jul. Aug. Sop OcL Nov. Dec. Jan. Feb. Mar. Apr. May Jun. 

ll!JYearl 

I>! Year II 

Fig. 13 Monthly variations in total alkalinity of water at Site 1 during the first and 
the second year study periods. 

Jul. Aug. Sop Ocf:- Nov, Dec. Jan. Fob, Mar. Apr. May Jun. 

fi!IYear I 
E!l Year II 

Fig. 14 Monthly variations in total hardness of water at Site 1 dUring the first and 
the second year study periods. 
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Jul. Aug. Sop OcL Nov. DeC. Jan. Fob. Mar. Apr. May Jun. 

Fig 15 Monthly variations in chloride of water at Site 1 during the first and the 
second year study periods. 

Jul. Aug. S.p Oct. Nov. Dllc, Jan, Fib. Mar; Aflr. May Jun. 

I!IIYearl 

Iii Year II 

B:IYe~r 1 

Iii Year II 

Fig. 16 Monthly variations in BOD of water at Site 1 during the first and the second 
year study periods. 
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Site 2 (Seepage stream at Kushaha area) 

Results of the air temperature and physico-chemical parameters of water of Site 2 

(Seepage stream at Kushaha area) are shown in Table 5 and Table 6. Table 5 shows 

the results of air temperature and physico-chemical parameters of water of the first 

year (July 2002 - June 2003) study period. Table 6 shows the results of air 

temperature and physico-chemical parameters of water of the second year (July 2003 -

June 2004) study period. Table 7 shows the correlation coefficient (r) of air 

temperature and different physico-chemical parameters of water at Site 2. The Fig. 17 

shows the monthly variations i.n air. temperature at Site 2 in the first year and the 

second year study periods. The Figs. 18 - 26 show the monthly variations of different 

physico-chemical parameters of water at Site 2 in the first year (July 2002 - June 

2003) and the second year (July 2003 -June 2004) study periods. 

Air temperature 

The minimum air temperature was 18.5 ±0.656 °C in the month of January and 

maximum 3 2 .4± 0 .4 21 °C in the month of August during the first year study period. 

The air temperature increased from July to August and decreased from September to 

January. Again it increased from February to May then a slight decrease was recorded 

in June during the first year stl!dY period (Table 5 and Fig. I 7). During the second 

year study period, the air temperatlll"e increased a little in August then decreased from 

September to January. Again it increased from February to May then a slight decrease 

was recorded in June and July (Table 6 and Fig. 17). The maximum air temperature 

was 3 3.2 ± 0.559 °C in the month of May and minimum 19.3 ± 0.382 °C in the 

month of January during the second year study period. Air temperature showed 

positive and significant correlation with water temperature (r = 0.9794, P<O.Ol), free 

carbon dioxide (r = 0. 6677, P<O.Ol) and biological oxygen demand ( r = 0.6062, 

P<O.Ol) but it had inverse and significant correlation with transparency (r=- 0.452, 

P<0.05), pH (r = -0 .908, P<O.Ol), dissolved oxygen ( r = - 0.8994 P<O.Ol), total 

alkalinity (r =- 0.6713, P<O.Ol), total hardness ( r =- 0.6239, P<O.Ol) and chloride (r 

=- 0.6759, P<O.Ol) (Table 7) .. 
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Water temperature 

The water temperature increased from July to August then decreased from September 

to January. Again it increased from February to May and a slight decrease was 

recorded in June during the first year (Table 5 and Fig.18) and the second year study 

periods (Table 6 and Fig.18). The maximum water temperature was 29.3'± 0.589 °C 

in the month of May and minimum 16.2 ± 0.343 °C in the month of January during 

the first year study period. During the second year study period, the maximum water 

.temperature was 29.3 ± 0.489 °C in the month of May and minimum 16,5 ± 0.249 °C 

in the ·month of January. The water temperature showed positive and significant 

correlation with free carbon dioxide (r = 0.7319, P<0.01) and biological oxygen 

demand ( r = 0.6960 P<0.01) but it showed inverse and significant correlation with 

transparency (r = -3893, P<O.IQ), pH (r =- 0.917, P <0.01), dissolved oxygen ( r =-

0.9229, P<0.01), total alkalinity (r = -0.5613, P<O.Ol), total hardness ( r =- 0.5167, 

P<O.Ol) and chloride (r = -0.6645, P<O.Ol) (Table 7). 

Transparency 

The transparency increased from August to December ,then decreased a little in 

January. Again it increased from February to March then decreased a little in April 

and again increased a little in May then decreased from June to July during the first 

year study period (Table 5 and Fig.l9). The maximum transparency was 37.34 ± 

0.650 em in the month of December and minimum 19.2 ± 0.419 em in the month of 

July during the first year study period. In the second year study period, the 

transparency increased froin August to December then decreased a little in January. 

Again it increased from February to March then decreased from April to July (Table 6 

and Fig.19). The maximum transparency was 33.2 ± 1.001 em in March and 

minimum 20.2 ±· 0.986 em in July during the second year study period. Water 

transparency showed positive and significant correlation with pH (r = 0.5196, P 

<0.01), total alkalinity (r = 0.5621, P<0.01), total hardness (r = 0.8032, P<0.01) and 

chloride (r = 0.4667, P<0.05) (Table 7). 

pH 

The pH increased from July to December then decreased from January to May. Again 

it increased a little in June during the first year study period (Table 5 and Fig. 20). 
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The maximum PH was 8. 3 ±0. 2 21 in the month of December and minimum 7. 2 ± 

0. 211 in the month of May during the first year study period. During the second year 

study period, PH increased from July to January then decreased from February to 

April. Again a slight increase was recorded in May then decreased a little in Jqne 

(Table 6 and Fig. 20). "I:he maximum PH was 8.3 ± 0.205 in Jaimary and minimum 

7.L '· ±0.163 and 7.1 ± 0.240 in April and June, respectively. pH showed positive 

and significant COJ,Telation with dissolved oxygen (r = 0.887, P<0.01), total alkalinity 

(r = 0.5583, P<0.01) total hardness (r = 0.6099, P<0.01) and chloride (r = 0. 6314, 

P<O.Ol) but inverse and significant correlation with free carbon dioxide (r = -0.712, 

P< 0.01) and biological oxygen demand (r = -0. 67, P<O.Ol) (Table 7). 

Dissolved oxygen 

The dissolved oxygen decreased from July to September then increased from October 

to January. Again it decreaseq from February to May and a slight increase was 

recorded in June during the first year study period (Table 5 arid Fig. 21 ). The 

maximum dissolved oxygen was 6.96 ±0.268 mg'Lin January and minimum 5. 73 ± 

0. 2 8 7 mgiL in May during the first year study period. During the second year study 

period, the dissolved oxygen decreased from July to August then increased from 

September to January. Again it decreased from February to May and a slight increase 

was recorded in Jurte (Table 6 and Fig. 21). The maximum dissolved oxygen was 7.3 

± 0.301 mg/L in January and minimum 5.92 ± 0.219 mg/L in May. The dissolved 

oxygen showed positive and significant correlation with total alkalinity (r = 0. 5241, 

P<O.Ol), total hardness (r = 0. 4430, P<0.05) and with chloride (r = 0.6643, P<0.01) 

but inverse and significant correlation with free carbon dioxide (r =- 0.7342, P<O.Ol) 

and biological oxygen demand (r = -0.7237, P<O.O.Ol) (Table 7). 

Free carbon dioxide 

The free carbon dioxide increased a little from August to September then decreased 

from October to December. Again it increased from January to April then decreased 

from May to July during the first year study period (Table 5 and Fig. 22). The 

maximum free carbon dioxide was recorded 5.84 ± 0.236 mg/L in April and 

minimum 4. 83 ± 0. 211 mg/L in December during the first year study period. During 

the second year study period, the free carbon dioxide increased from August to 

. 45 



September then decreased from October to December. Again it increased from 

January to March then decreased from April to July (Table 6 and Fig. 22). The 

maximum free carbon dioxide was 6. 2 ± 0.194 mg/L in March and minimum 4. 73 ± 

0.25 8 mg!L in the month of December during the second year study period. Free 

carbon dioxide showed positive and significant correlation with biological oxygen 

demand (r =0. 6473, P<O.Ol) and inverse and significant correlation with chloride (r = 

-0.3789, P<O.lO) (Table 7). 

Total alkalinity 

The total Alkalinity decreased from July to September then increased from October to 

January. Again it decreased from February to June during the first year (Table 5 and 

Fig. 23) and the second year study periods (Table 6 and Fig. 23). The maximum total 

alkalinity was recorded 110.64 ± 1;040 mgiL in January and minimum 60.35 ± 0.683 

mg!L in September dUring the first year study period. During the second year study 

period, the maximum total alkalinity was recorded Ill. 73 ± 0.953 mg!L in January 

and minimum 61.52 ± 0.944 mg/L in September. The total alkalinity showed positive 

and significant correlation with·total hardness (r = 0.6943, P<O.Ol) and chloride (r = 

0.6284, P< 0.01) (Table 7). 

Total hardness 

The total hardness increased from August to March then decreased from April to July 

during the first year (Table 5 and Fig. 24) and the second year study periods (Table 6 

and Fig. 24). The maximum hardness was 81.22 ± 0.535 mg!L in March and 

minimum 50.52 ±0.539 mg!L in July during the first year study period. During the 

second year study period, the maximum total hardness was 82.49 ± 0.430 mg!L in 

March and minimum was 51.45 ± 0.434 mg!L in July. Total hardness showed 

positive and significant correlation with chloride (r = 0.4786, P<0.05) (Table 7). 

Chloride 

The chloride increased from August to December then decreased from January to 

April. Again it increased from May to June then a slight decrease was recorded in July 

during the first year (Table 5 and Fig. 25) and the second year study periods (Table 6 

and Fig. 25). The maximum chloride was 18. 7 3 ± 0. 2 0 5 mgiL in December and 
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minimum 13.14 ± 0.134 mg!L in April during the first year study period. During the . . , 
second year study period, the maximum chloride was 18.63 ± 0.282 mgiL in 

December and minimum 14.32 ± 0.257 mgiL in ApriL Chloride showed inyerse and 

significant correlation with biological oxygen demand (r = -0.3984, P< 0.10) (Table 

7). 

Biological oxygen demand 

The biological oxygen demand decreased from July to January then increased from 

February to May. Again it decreased a little in June during the.first year (Table 5 and 

Fig. 26) and the second year study periods (Table 6 and Fig. 26). The maximum 

biological oxygen demand was 2.11 ±0.055 mg/L in the month of May and 

minimum 0.79 ± 0.052 mgiL in the month of January during the first year study period. 

During the second year study period, the maximum biological oxygen demand was 

2.14 ±0.040 mgiL in the nionth of May and minimum 0.72 ± 0.040 mgiL in the month 

of January. Biological oxygen demand showed positive and significant correlation 

with air temperature (r = 0.6062 P<O.Ol), water temperature (r =0. 6960 P< 0.01) and 

free carbon dioxide (r == 0.6473 P < 0.01) but it had inverse and significant correlation 

with pH (r =- 0. 67, P< 0.01), dissolved oxygen (r =- 0.7237,. P< 0.01), and chloride 

(r = - 0.3984 P < 0.1 0) (Table 7). · 
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Table 5 Air temperature and physico -chemical parameters of water at Site 2 
(Seepage stream at Kuhasha area) from July 2002 -June 2003 (Mean± 
S.D.,N = 9). 

Months 
Parameters 

Jul. Aug. s"". Oct. Nov. o.,.,. Jon. Feb. M""'h Apr. May Jun. 

Air 
temperature 31.3 32.4 28.3 27.6 22.7 21.2 18.5 27.6 29.4 30.3 31.3 29.2 
("c) 

:!!).487 :!!).421 :!!).483 ;!9.609 :!9,394 :!!).397 :!!).656 ;!9.586 :!!).459 :!!).385 ;!9.501 :!9,294 

Water 
temperature 27.3 28.2 24.2 23.3 19.2 18.1 16.2 25.4 27.4 28.3 29.3 25.3 
(•c) 

:!!).485 :!!).283 :!!).427 :!!).616 :!!).326 ;!9.569 :!!).343 ·;!9.416 :!!).639 ;!9.464 ;!9.589 :!!).383 

Transparency 
19.2 22.3 24.2 25.4 31.6 37.34 25.3 31.5 34.3 22.7 2H 22.3 

(em). 

:!!).419 !{1.604 !{1.721 !{1.678 !{1.548 :!!).650 !{).512 !{1.863 :!!).818 .0.467 :!!).705 !{1.803 

PH 7.4 7.5 7.5 7.7 7.9 8.3 8.1 7.7 7.4 7.3 7.2 7.3 

:!!).176 !{1.182 !{1.216 !{1.210 !{1.194 !{1.221 !{1.188 !{1.156 !{1.216 !{1.149 !{1.211 !{1.176 

Dissolved 
oxygen 6.18 6.15 6.13 6.29 6.61 6.91 6.96 6.26 5.98 5.92 5.73 6.25 
(DO,), (mgll) 

:!!).236 !{1.216 !{1.231 ;!9.222 !{1.223 !{1.277 ;!9.268 !{1.165 !{1.260 !{1.253 !{1.287 !{1.205 

Free carbon 
dioxide 5.12 5.63 5.75 5.33 4.92 4.83 5.23 5.46 5.79 5.84 5.75 5.35. 
(CO,), (mgll) 

!{1.215 !{1.221 !{1.222 ;!9.156 . !{1.154 !{1.211 !{1.188 !{1.240 !{1.214 !{1.236 !{1.170 !{1.221 

Total alkalinity 
71.33 67.64 60.35 72.53 95.45 108.34 110.64 96.56 94.67 91.58 89.6 79.63 (mg/ L) 

!{1.725 !{1.634 !{1.683 !{1.812 .:!:;1.023 .:!:;1.107 .:1.040 !{1.820 !{1.728 !1.014 !{1.805 !{1.783 

Total hardness 
50.52 . 56.34 61.25 • 63.52 75.56 76.33 78.65 79.34 81.22 63.65 53.34 52.56 (mg/L) 

!{1.539 !{1.389 !{1.437 !{1.475 !{1.405 !{1.349 !{1.391 !{1.368 !{1.535 !{1.321 ;!9.565 !{1.435 

Chlonde (mgt 13.24 13.83 14.23 14.45 15.26 18.73 17.27 16.36 14.84 13.14 14.45 17.23 
L) 

!{1.142 !{1.156 !{1.149 !{1.163 !{1.169 !{1.205 !{1.196 !{1.157 !{1.171 .0.134 !{1.188 !{1.216 

Biological 
Oxygen 0.99 0.98 0.93 0.91 0.87 0.82 0.79 1.14 1.61 1.81 2.11 1.13 Demand 
(BOD), (mg/ L) 

!{1.033 !{1.036 :!!).049 ;!9.041 :!!).045 :!;0.056 ;!9.052 ;!0.058 !{l.o75 !{1.030 !{1.055 !{).057 
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Table 6 Air temperature and physico-chemical parameters of water at Site 2 
(Seepage stream at Kuhasha area) from July 2003 -June 2004 (Mean:!: 
S.D., N = 9). 

Months 
Parameters 

Jul. Aug. Scp. Oct. Nov. Dec. Jan. Feb. March· Apr. M•y 

Air 
temperature 30.3 31.4 29.3 29.3 23.5 22.4 19.3 28.4 30.3 31.4 33.2 
("c) 

;!0.457 ;!0.416 ;!0.489 ,0.410 ;!0.421 ,0.402 ;!0.382 ,0.571 ;!0.487 ,0.405 ,0.559 

Water 
temperature 27.2 28.2 25.4 24.6 19.4 18.2 16.5 25.6 28.6 29.1 29.3 
("c) 

,0.346 ;!0.437 ,0.346 ,;!0.336 ,0.480 ,0.391 ,0.249 ;!0.461 ,0.336 ;!0.294 ,0.489 

Transparency 20.2 23.4 26.5 27.4 28.6 32.3 24.2 29.4 33.2 24.5 23.4 (em). . . 
,0.986 ;!0.820 ,0.890 ;!0.804 ;!0.909 .!1.141 ,0.653 ;!0.819 z1.001 ;!0.870 ,0.857 

PH 7.3 7.5 7.6 7.7 7.9 8.2 8.3 7.6 7.4 7.1 7.3 

;!0.176 ;!0.188 ,0.163 ;!0.176 ,0.176 ;!0.187 ,0.205 ;!0.206 ,0.230 ;!0.163 ,0.226 

Dissolved 
oxygen 6.19 6.15 6.26 6.75 6.85 6.9 7.3 6.14 6.12 6.1 5.92 
(00,), (mg/ 
L) 

;!0.224 ;!0.286 ,0.254 ;!0.197 ,0.156 ;!0.240 ,0.301 ;!0.216 ,0.239 ;!0.274 ,0.219 

Free carbon 
dioxide 5.23 5.57 5.92 5.14 5.1 4.73 5.23 5.9 6.2 5.93 5.89 (CO,), (mgt 
L) 

;!0.230 ,0.257 ;!0.261 ,0.216 ;!0.258 ,0.258 ,0.230 ;!0.210 ,0.194 ;!0.235 ,0.207 

To!al 
alkalinity (mg/ 69.45 66.78 61.51 74.52 98.72 107.83 111.73 98.64 . 94.57 93.52 87.65 
L) 

:;1.005 ,0.931 ,0.944 ,0.929 ;!0.858 ;!:1.003 ;!0.953 ,0.916 ;!0.843 .:.1.098 ;!0.841 

To!al 
hardness 51.45 . 54.35 60.65 63.52 65.34 69.89 n.65 ' 78.34 82.49 56.34 54.11 
(mg/L) 

;!0.434 ;!0.307 ;!0.343 ;!0.415 ;!0.449 ;!0.373 ,0.623 ,0.408 ,0.430 ,0.655 ~3!!5 

Chlonde (mg/ 14.56 14.83 15.14 15.17 15.34 18.63 18.34 17.24 15.54 14.32 15.26 
L) 

,0.221 ,0.258 ;!0.206 ;!0.278 ;!0.283 ,0.282 ;!0.236 ;!0.254 ;!0.240 ;!0.257 ;!0.233 

Biological 
Oxygen 
Demand 1 0.98 0.89 0.85 0.64 0.78 0.72 1.1 1.56 1.79 2.14 
(BOD), (mg/ 
L) 

;!O.Q36 ;!0.048 ,0.043 ;!0.041 ,0.044 ;!0.048 ,0.040 ,0.041 ;!0.071 ,0.055 ;!0.040 
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Jun. 

30.3 

;!0.485 

26.4 

,0.489 

22.3 

,0.671 

7.1 

,0.240 

6.24 

;!0.206 

5.87 

;!0.240 

77.76 

;!0.810 

53.54 

;!0.279 

17.13 

;!0.230 

1.1 

,0.048 



Table 7 Pearson's correlation coefficient (r) for air temperature and physico -
chemical parameters of water at Site 2 (Seepage stream at Kushaha area) 

during July 2002- June 2004. N = 24, d.f. = 22 

Dissolved Free 
Water Transparency calllon Total Total Chloride Parameters tempera lUre pH oxygen dioxide alkalinity hardness 
('c) (em). (Do1), (Co,) (mg/L) (mg/L) (mg/L) 

(mg/L) (mg/L) 

Air 
temperature 0.9794' -0.452" -0.908' -0.8994' 0.6677' -0.6713' -0.6239' -0.6759' ('c) 

Waler . ·. 

temperature -0.3893- -0.917' -0.9229' 0.7319' -0.5613' -0.5167' -0.6645' ('c) 

Transparency 0.5196' 0.3216 -0.1971 0.5621' 0.8032' 0.4667" (em). 

PH 0.887' -0.712' 0.5583' 0.6099' 0.6314' 

Dissolved 
oxygen 

_iDo";),rmo/ Ll 
-0.7342' 0.5241' .0.4430" 0.6643' 

Free carbon 
dioxide -0.2834 -0.1117. -0.3789-
(CO,) (mg/L) 

Total alkalinity 
(moiL! · 0.6943' 0.6284' 

Total 

l~~i 0.4786" 

Chloride 
(mg/L) 

(i) • Significant at 1% level (P<O. 01), •• significant at 5% level (P<O. 05), ••• 
significant at 10% level (P<O. 10) 

(ii) Values not marked denote non-significant correlation. 
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Biological 
Oxygen 
Demand 
(BOD), 
(mg/L) 

0.6062' 

0.6960' 

-0.1251 

-0.67' 

-0.7237" 

0.6473' 

0.0548 

-0.2052 

-0.3984-



PilYear I 

IE Year II 

Fig. 17 Monthly variations in air temperature at Site 2 during the first and the second 
year study periods. 

Jul. Aug. Sap Oct. Nov. Dec. Jan. Feb. Milr. Afl. May Jun. 

'-!Year I 

m Year II 

Fig. 18 Monthly variations in water temperature at Site 2 during the first and the 
second year study periods. 
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Jul. Aug. Sep Oc:L Nov. Doc. Jan. Fob. Mar. Apr. May Jun. 

Fig. 19 Monthly variations in transparency of water at Site 2 during the first and the 
second year study periods. · 

Jul. Aug. Sop OcL Nov. Doc. Jan. Fob. Mar. Apr. May Jun. 

li!!Yearl 

!!I Year II 

Fig. 20 Monthly variations in pH of water at Site 2 during the first and the second 
year study periods. 
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l:ilYearl 

li!!Yearli 

Fig. 21 Monthly variations in dissolved oxygen of water at Site 2 during the first and 
the second year study periods. 

l:ilYearl 

I!IYear II 

Fig 22 Monthly variations in free carbon dioxide of water at Site 2 during the first 
and the second year study periods. 
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Jul. Aug. Sep · Oet. Nov, Dec. Jan, Fab.. Mar. Apr. May Jun. 

1!3Year I 

1!1 Year II 

Fig. 23 Monthly variations in total alkalinity of water at Site 2 during the first and 
the second year study periods. 

~!;!Year I 

13Year II 

Fig. 24 Monthly variations in total hardness of water at Site 2 during the first and the 
second year study periods. 
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Jul. AUg. Sep Oct. Nov, Dec. Jan. Feb, Mar. A{Jr. May Jun. 

Fig. 25 Monthly variations in chloride of water at Site 2 during the first and the 
second year study periods. 

IS! Year I 

13Year II 

g;JYear I 

BYear II 

Fig. 26 Monthly variations in BOD of water at Site 2 during the first and the second 
year study periods. 
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Site 3 (Seepage stream at Shripur area) 

Results of the air temperature and physico-chemical parameters of water of Site 3 

(Seepage stream at Shripur area) are shown in Table 8 and Table 9. Table 8 shows 

the results of air temperature and physico-chemical parameters of water of the first 

year (July 2002 - June 2003) study period. Table 9 shows the results of air 

temperature and physico-chemical parameters of water of the second year (July 2003-

June 2004) study period. Table .1 0 shows the correlation coefficient (r) of air 

temperature and physico-chemical parameters of water at Site 3. The Fig. 27 shows 

the monthly variations in air temperature at Site 3 in the first year and the second year 

study periods. The Figs. 28 - 36 show the monthly variations in physico-chemical 

parameters of water at Site 3 in the first year (July 2002 - June 2003) and the second 

year (July 2003 -June 2004) study periods. 

Air temperature 

The Air temperature increased a little in August then decreased from September to 

January. Again it increased from February to May then a slight decrease was recorded 

from June to July during the first year (Table 8 and Fig. 27) and the second year study 

periods (Table 9 and Fig. 27). The maximum air temperature was recorded 32.3 ± 

0.329 °C in May and minimum 18.4 ± 0.424 °C in January during the first year 

study period. During the second year study period, the maximum air temperature was 

recorded 33.6 ± 0.290 °C in May and minimum 18.2 ± 0.432 °C in January. The air 

temperature showed positive and significant correlation with water temperature ( r = 

0.9696, P<0.01), free carbon dioxide (r = 0.7654, P<O.Ol) a)ld biological oxygen 

demand (r = 0.6035, P<O.Ol) but inverse and significant correlation with transparency 

(r = -0.7033, P< 0.01), pH (r = -0.74,<0.01), dissolved oxygen (r = -0.8941, P<0.01), 

total alkalinitY (r = -0. 7660, P<0.01), total hardness ( r = -0.6767, P<0.01) and 

chloride (r = - 0. 9281, P< 0.01) (Table 1 0). 

Water temperature 

The water temperature increas~d from August to September then decreased from 

October to January. Again it increased from February to May then decreased from 

June to July during the first year study period (Table 8 and Fig. 28). The maximum 

water temperature was 28.5 ± 0.539°C in May and minimum 16.4 ± 0.518°C in 
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January during the first year study period. During the second year study period, it 

increased a little in August then decreased from September to January. Again it 

increased from February to May then decreased from June to July (Table 9 and Fig. 

28). The maximum water temperature was 29.5 ±0:535 °C in May and minimum 16.6 

±0.485 °C in January during the second year study period. The water temperature 

showed positive and significant correlation with free ,carbon dioxide (r = 0. 7934, P< 

0.01), and biological oxygen demand (r = 0.6593, P<O.Ol) but inverse and significant 

correlation with transparency (r = -0.6383, P<O.Ol), pH (r = -0.788, P<O.Ol), dissolved 

oxygen (r = -0.8786, P<O.Ol), total alkalinity (r = -0. 6907 P< 0.01), total hardness (r 

= -0.5834, P<O.Ol) and chloride (r =- 0.9052, P<O.Ol) (Table 10). 

Transparency 

The transparency of water increased from August to February and decreased from 

March to July during the first year (Table 8 and Fig. 29) and the second year study 

periods (Tables 9 and Fig. 29). The maximum transparency was 32.2 ±1.038 cin in 

the month ofFebriiary and minimum 18.3 ± 0.666 em in the month of July during the 

first year study period. During the second year study period, the maximum water 

transparency was recorded 37.3 ± 0.702 em in the month of February and minimum 

20.2 ± 0.694 em in the month of July. Transparency showed positive and significant 

correlation with pH (r = 0.4012, P<O.!O), dissolved oxygen ( r = 0. 7641, P <0.01), 

total alkalinity ( r = 0.7693, P<O.Ol), total hardness (r = 0. 8790, P< 0.01) and 

chloride (r = 0. 7662, P<O.O I) but inverse and significant correlation with free carbon 

dioxide (r = -0.4549, P<0.05) and biological oxygen demand (r = -0. 4295, P<0.05) 

(Table 10). 

pH 

The pH increased from August to January and decreased a little from February to 

March. Again it increased from April to June then decreased a little in July during the 

first year (Table 8 and Fig. 30) and the second year study periods (Table 9 and Fig. 

30). The maximum PH was 8.3 ±0.149 in January and minimum 7.2 ±0.205 in 

March during the first year study period. During the second year study period, the 

maximum PH was 8.2 ±0.191 in January and minimum 7.3 ±0.182 in March. pH 

showed positive and significant correlation with dissolved oxygen (r = 0. 7216, 
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P<O.Ol) and chloride (r = 0.7251, P<O.Ol) but inverse an~ significant correlation with 

free carbon dioxide (r = -0.784, P<O.Ol) and biological oxygen demand (r =- 0.738, 

P<O.Ol) (Table 10). 

Dissolved Oxygen 

The dissolved oxygen decreased a little in August then increased from September to 

January. Again it decreased from February to May then increased a little from June to 

July during the first year study period (Table 8 and Fig. 3 I). The maximum dissolved 

oxygen was 7. 8 ± 0.23 8 mg'L in January and minimum 5.3 ± 0.221 mg'L in May 

during the first year study period. But in the second year study period, the dissolved 

oxygen increased from August to January then decreased from February to May. 

Again it increased a little from June to July (Table 9 and Fig. 31). The maximum 

dissolved oxygen was 7.86 ± 0.211 mg/L in January and minimum 5.Ii ±0.223 

mg/L in May during the second year study period. Dissolved oxygen showed inverse 

and significant correlation with free carbon dioxide (r = -0. 8555, P<O.Ol) and 

biological oxygen demand (r = -0. 8230, P<O.Ol) but positive and significant 

correlation with total alkalinity (r = 0. 5676, P<O.Ol), total hardness (r = 0. 6571, 

P<O.Ol) and chloride (r= 0.8915, P<O.Ol) (Table 10). 

Free carbon dioxide 

The free carbon dioxide increased a little in August then it decreased from September 

to January. Again it increased from February to May then decreased a little from June 

to July during the first year (Table 8 and Fig. 32) and the second year study periods 

(Table 9 and Fig. 32). The maximum free carbon dioxide was 6.33 ± 0.258 mg/L in 

the month of May and minimum was 5.15 ± 0.188 mg/L in the month of January 

during the first year study period. During the second year study period, the maximum 

free carbon dioxide was 6.24 ± 0.226 mg!L in May and minimum 5.17 ± 0.165 

mg/L in January. Free carbon dioxide showed positive and significant correlation with 

biological oxygert demand (r = 0. 9215, P<O.O l) but inverse and significant 

correlation with chloride (r = -0.7339, P<O.Ol) (Table 10). 
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Total Alkalinity 

The total alkalinity decreased. a little in August then increased from September to 

January and decreased from February to July during the first year (Table 8 and Fig. 

33) and the second year study periods (Table 9 and Fig. 33). The maximum total 

alkalinity was 125.59 ±1.138 mg/L in January and minimum 72.41 ± 0.821 mg/L in 

A~gust during the first year study period. During the second year study period, the 

maximum total alkalinity was ~23.54 ± 1.239 mg/L in the month of January and 

minimum 71.43±0. 763 mg/L in the month of August. Total alkalinity showed positive 

and significant correlation with total hardness (r = 0. 8231, P <0.01) and chloride (r = 

0.7280, P<O.Ol (Table 10). 

Total hardness 

The total hardness increased from August to March then decreased from April to July 

during the first year (Table 8 and Fig. 34) and the second year study periods (Table 9 

·and Fig. 34). The maximum total hardness was 79.11 ± 0.477 mg/L in March and 

minimum 48.34 ± 0.492 mgiL in July during the first year study period. During the 

second year study period, the maximum total hardness was 79.25 ± OA22 mgiL in 

March and minimum 49.34 ± 0.615 mg/L in July. Total hardness showed positive and 

significant correlation with chloride (r = 0.6685, P<0.01) (Table. 10) 

Chloride 

The chloride increased from August to January then decreased from February to. 

March. Again it increased a little in April then a slight decrease was recorded in May 

followed by a gradual increase from June to J\}lY during the first year (Table 8 and 

Fig. 35) and the second year study periods (Table 9 and Fig. 35). The maximum 

chloride was 18.72 ± 0.202 mg/L in January and minimum 11.53 ± 0.216 mg/L in 

May during the first year study period. During the second year study period, the 

maximum chloride was 18.56 :±:: 0.200 mg/L in January and minimum 12.22 ± 0.198 

mg/L in May. 

Chloride showed inverse and signific;ant correlation with biological oxygen demand (r 

= -0.6393, P>0.01), (Table 10). 
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Biological oxygen demand 

The biological oxygen demand decreased from August to January then increased from 

February to May .. Again it decreased a little from June to July during the first year 

(Table 8 and Fig. 36) and the second year study periods (Table 9 and Fig. 36). The 

maximum biological oxygen demand was 2.1 ± 0.066 mg/L in May and minimum 

0.69 ± 0.054 mg/L in January during the first year study period. During the second 

year study period, the maximum biological oxygen deman.d was 1.99 ±0.060 mg/L in 

May and minimum 0.71 ± 0.038 mg/L in January. Biological oxygen demand was 

positive and significantly correlated with air temperature (r- 0. 6035 P< 0.01), water 

temperature (r- 0.6593 P< 0.01) and free carbon dioxide ( r = 0.9215, P< 0.01) but 

inverse and significantly correlated with transparency ( r- -0.4295, P<0.05), pH (r- -

0.738, P <0.1), dissolved oxygen ( r = -0. 8230 and chloride (r =- 0. 6393, P< 0.01) 

(Table 10). 
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Table 8 Air temperature and physico-chemical parameters of water at Site 3 
(Seepage stream at Shripur area) from July 2002- June 2003 (Mean± 
S.D., N = 9). 

Months 
Parameters 

Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mart;h ""'· May 

Air 
temperature 29.4 31.6 30.4 28.3 25.5 22.3 18.4 27.3 28.5 30.6 32.3 
l°C) 

!(1.487 !(1.616 !0.402 !(1.512 !(1.355 
!(1.319 

!(1.424 !(1.366 !(1.579 !(1.312 !(1.329 

Water 
temperature 25.6 27.1 27.6 24.6 21.5 18.6 16.4 24.3 262 263 28.5 
(oc) 

!(1.721 !(1.406 !(1.460 !(1.410 !(1.781 !(1.473 !(1.518 !(1.368 !(1.377 !(1.551 !(1.539 

Transparency 
18.3 22.4 24.7 25.3 27.5 30.2 31.4 32.2 28.1 22.4 21.5 

(em). 

!(1.666 !(1.875 !(1.795 !(1.675 !(1.767 ::1.070 !(1.960 .:.1.038 !(1.816 !(1.754 !(1.719 

P" 7.5 7.6 7.8 7.9 8 8.1 8.3 7.5 7.2 7.3 7.5 

!(1.221 ,!0.188 !0.194 _!0.176 !(1.149 jl.141 :!:<).149 ;!0.176 !(1.205 !(1.210 !<J.221 

Dissolved 
oxygen 6.34 6.25 6.36 6.56 6.67 7.16 7.8 7.11 6.1 5.4 5.3 
(DO,), (mg/ L) 

!(1.211 !(1.270 !(1.242 !(1.272 !(1.237 !(1.292 !(1.236 !(1.264 !(1.274 !(1.256 !(1.221 

Free carbon 
dioxide 5.43 5.62 5.45 5.33 5.25 5.17 5.15 5.67 5.73 5.93 6.33 
(CO,) (mg/L) 

!(1.230 !(1.193 !(1.242 !(1.274 !(1.216 !(1.219 !(1.186 !(1.171 !(1.253 !(1.266 !(1.256 

Total alkalinity 
75.34 72.41 77.32 86.6 103.42 115.3 125.59 111.34 10~67 98.56 95.32 (mg/ L) 

!(1.847 !(1.621 !(1.745 !(1.835 ;:1.109 ::1.209 ,!1.138 ::1.128 ::1.085 !(!.BOO !(1.799 

Total hardness 48.34 52.65 54.25 59.42 62.45 73.53 75.32 76.65 79.11 57.34 50.13 
(m~/Ll 

!(1.492 . !0.491 !(1.395 !(1.584 !(1.493 !(1.552 !(1.384 !(1.394 !(1.477 !(1.466 !(1.395 

Chloride (mg/ 12.93 ·13.24 13.53 13.95 14.46 17.83 16.72 15.77 12.57 13.56 11.53 L) 

!(1.176 !0.177 !(1.156 !(1.165 !(1.183 !(1.220 !(1.202 ;!(1.191 !(1.187 !(1.195 !(1.216 

Biological 
Oxygen 

0.93 0.91 0.68 0.61 0.76 0.72 0.69 0.96 1.55 1.91 2.1 Demand 
(BOD). (mg/ L) 

!(1.056 !(1.045 !(1.034 !(1.029 !(1.069 !(l.048 jl.054 !0.045 ;!0.027 !(1.053 ;!0.066 
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Jun. 

29.5 

!(1.543 

26 

!(1.520 

20.2 

!(1.725 

7.8 

!(1.163 

5.92 

!<J.234 

5.83 

!(1.221 

85.56 

!(1.890 

49.34 

!0.405 

12.25 

!(1.176 

1.27 

!<).046 
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Table 9 Air temperature and physico- and chemical parameters of water at 
Site 3 (Seepage stream at Shripur area) from July 2003 -June 2004 
(Mean :1: S.D., N = 9). 

Months 
Parameters 

Jul. Aug. Stp. Oct. Nov, Dec. Jan. Feb, Mtrch A!Jr, May 

Air temperature 30.2 32.1 31.1 28.4 25.6 22.5 18.2 27.3 29.5 31.2 33.6 (ac) 

!0.424 !0.397 !0.374 !lJ.359 !0.503 !0.416 !0.432 !0.385 !lJ.476 !0.426 !lJ.290 

Water 24.6 28.3 28.2 25.3 21.2 17.3 16.6 24.2 26.7 28.6 29.5 
temperature (°C) 

!lJ.501 !0.359 !0.377 !lJ.487 !0.418 !lJ.394 !0.485 !lJ.418 ;;1.531 ;;1.312 ;;1.535 

Transparency 20.2 . 24.4 26.2 28.4 30.2 32.4 34.6 37.3 29.4 23.5 22.6 
(em). 

;;1.694 ;;1.699 ;;1.856 ;;1.791 ;;1.736 ;;1.697 ;;1.721 ;;1.702 ;;1.918 ;;1.774 ;;1.683 

pH 7.6 7,7 7.8 7.9 8 8.1 8.2 7.6 7.3 7.4 7.5 

;;1.163 ;;1.216 ;;1.163 ;;1.182 ;;1.176 ;;1.226 ;;1.191 !0.176 ;;1.182 ;;1.194 ;;1.202 

Dissolved 
oxygen 5.92 6.12 6.24 6.45 6.96 7.24 7.86 6.9 6.25 5.16 5.11 
(DO,), (mg/ L) 

;;1.248 ;;1.229 ;;1.236 !lJ.253 ;;1.218 ;;1236 ;;1.211 ;;1.230 ;;1.188 ;;1.287 ;;1.223 

Free carbon 
dioxide 5.63 5.72 5.56 5.43 5.36 5.25 5.17 5.73 5.92 6.14 6.24 
(CO,)(mg/ L) 

;;1;188 ;;1.233 ;;1.202 ;;1.249 ;;!.183 !lJ.202 ;;!.165 ;;1.258 ;;1.204 ;;1.206 ;;1.226 

Total alkalinity 73.34 71.43 79.63 87.67 105.57 113.67 123.54 110.44 104.35 99.37 97.62 (mg/L) 

;;1.736 ;;1.763 ;;1.851 ;;1.676 ;;1.952 !1.186 !1.239 !1.012 ;;1.819 ;;1.765 ;;1.935 

Total hardness 49.34 52.52 63.64 57.34 61.52 72.35 77.34 78.24 79.25 58.62 51.5 
(rmi/ L) 

;;1.615 ;;1.586 
;;1.403 

;;1.494 ;;1.470 ;;1.413 ;;1.516 ;;1.403 !0.422 ;;1.436 ;;1.402 

Chlonde (mg/ L) 13.25 13.53 13.72 13.93 15.23 17.64 18.56 15.42 13.15 13.21 12.22 

;;1.188 ;;1.205 ;;1.147 ;;1.149 ;;1.141 ;;1.216 ;;1.200 ;;1.181 ;;1.179 ;;1.202 ;;1.198 

Biological 0.96 0.94 0.92 0.87 0.64 0.73 0.71 0.97 1.63 1.85 1.99 
Oxygen Demand 
(BOD), (mg/L) 

;;1.053 ;;1.059 ;;1.045 ;;1.044 ;;1.045 ;;1.035 ;;1.038 ;;1.044 ;;1.064 ;;1.065 ;;1.060 
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Jun. 

30.3 

. !0.359 

25.4 

;;1.388 

21.5 

;;1.854 

7.8 

!lJ.169 

5.82 

;;1.204 

5.72 

;;1.154 

86.34 

;;1.786 

50.25 

;;1.602 

12.73 

;;1.149 

1.35 

;;1.056 



Table 10 Pearson's correlation coefficient (r) for air temperature and physico -
chemical parameters of water at Site 3 (Seepage stream at Shripur area) 
during July 2002- June 2004. N = 24, d. f. = 22. 

Dissolve Free Biological 
Water Transparency d oxygen carbon Tolal Tolal Chlonde Oxygen 

P8rameters temperatur (em) .. 
pH 

(00,), dioxide elkallnlly hardness (mgfl) Demand 
e ('C) (mgfl) (CO.) (mgll) (mgll) (BOO), 

(mgfl) (mgfl) 

Alrlemperalure 
('c) 0.9696" .{).7033' .{).74" .{).6941" 0.7654" .{).7660' .{),6767' .{).9261' 0.6035' 

Waler 
temperature .{).6363' .{),768' .{).6766' 0.7934' -0.6907' .{).5634' .{).9052' 0.6593' 
('c) 

Transparency 0.4012- 0.7641' .{),4549H 0.7693' 0.6790' 0.7662' .{).4295" 
(em). 

' 
pH 0.7216' .{).764' 0.3356 0.1446 0.7251' .{).738' 

Dissolved 
oxygen 
(co';), (mg/ Ll 

.{).6555' 0.5676' 0.6571' 0.6915' .{),6230' 

Free carbon 

~iox~~~n t) 
.{).2505 .{).3375 .{).7339' 0.9215' 

CO. mgfl 

Tolal alkalinity 0.6231' 0.7260' .{).0559 (mg/L) 

Tolal hardness 0.6665' .{).2243 . 
(mgfl) 

Chloride (mg/ L) .{).li393' 

(i) • Significant at 1% level (P<O. 01), •• significant at 5% level (P<O. 05), ••• significant 
at 10% level (P<O.lO), 

(ii) Values not marked denote non-significant correlation. 

;. 
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Jul. Aug. Sep Oct. Nov. Dec. Jan. Fpb. Mar; Apt. May Jun. 

18Year I 

J!IYear II 

Fig. 27 Monthly variations in air temperature at Site 3 during the first and the second 
year study periods. 

!!!Year 1 

J!IYear"ll 

Fig. 28 Monthly variations in water temperature at Site 3 during the first and the 
second year study periods. 
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Jul. Au;. Sop OcL Nov. Dec. Jan. Fob. Mar. Apr. May Jun. 

ll:lYear·l 

l!lYear II 

Fig. 29 Monthly variations in transparency of water at Site 3 during the first and the 
second year study periods. 

!!>lYearl 

l!lYear II 

Fig. 30 Monthly variations in pH of water at Site 3 during the first and the second 
year study periods. 
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... ,, ~II• 8ep Oct. Nov. Die. .... F.tl. Mar, Apr, r.t./ .kin. 

!!I Year I 

1!1 Year II 

Fig. 31 Monthly variations in dissolved oxygen of water at Site 3 during the first 
· and the second year study periods. 

Jul. Aug. Sep Oct. Nov. Doc:. Jan. Feb. Mar, Apr. May Jun. 

IZIYear I 

l!lYear II 

Fig. 32 Monthly variations in free carbon dioxide of water at Site 3 during the first 
and the second year study periods. 
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I!! Year I 

Fig. 33 Monthly variations in total alkalinity of wat~r at Site 3 during the first and 
the second year study periods. · 

Jul. Aug. Sep Oct. Nov. Dec:. Jan. Fob. Mar. Apr. May Jun. 

~Year I 

l!lYear II 

Fig. 34 Monthly variations in total hardness of water at Site 3 during the first and 
the second year study periods. 
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Fig. 35 
. ' 

Monthly variations in chloride of water at Site 3 during the firstand the 
second year study periods. 

til Year I 

Ill! Year II 

l:ilYearl 

liliYear II 

Fig. 36 Monthly variations in BOD of water at Site 3 during the first and the second 
year study periods. 
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Site- 4 (Titrigachhi daha) 

Results of the air temperature and physico-chemical parameters of water of Site 4 

(Titrigachhi daha) are shown in Table II and Table 12. Table II shows the results of 

air temperature and physico-chemical parameters of water of the first year (July 2002. 

-June 2003) study period. Table 12 shows the results of air temperature and physico

chemical parameters of water of the second year (July 2003 -June 2004} study period. 

Table 13 shows the correlation coefficient (r) of air temperature and physico-chemical 

paran1eters of water at Site 4. The Fig. 37 shows the monthly variations in air 

temperature at Site 4 in the first year and the second year study periods. The Figs. 3 8 -

46 show the monthly variations of physico-chemical parameters of water at Site 4 in 

the first year (July 2002 - June 2003) and the second year (July 2003 - June 2004) 

study periods. 

Air temperature 

The air temperature increased a little in August then decreased from September to 

January. Again it increased from February to May then decreased a little in June and 

a slight increase was recorded in July during the first year study period (Table 11 and 

Fig. 37). The maximum air temperature was 32.4 ± 0.590 °C in May and minimum 

20.6 ±0.454 °C in· January during the first year study period. In the second year study 

period also the air temperature increased a little in August then decreased from 

September to January. Again it increased from February to May then decreased a little 

from June to July (Table 12 and Fig. 37). The maximum air temperature was 33.1 ± 0. 

424 °C in May and minimum 21.6 ± 0.454 °C in January. The air temperature 

showed positive and significant correlation with water temperature (r = 0.9739, 

P<O.Ol), free carbon dioxide (r = 0. 8488, P<O.Ol) and with biological oxygen 

demand (r = 0.6706, P<O.Ol) but inverse and significant correlation with transparency 

(r = -0.5496, P<O.Ol), pH (r= -0. 6927, P<O.Ol), dissolved oxygen (-0. 8657, P<O.Ol), 

total alkalinity (r = -0. 7234, P<O.Ol) and total hardness (r = ~o. 6808, P<O.Ol) 

(Table 13). 

Water temperature 

The water temperature increased a little in August then decreased from September to 

January. Again it increased from February to May and then slight decrease was 
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recorded from Jurie to July during the first year study period (Table 11 and Fig. 38). 

The maximum water temperature was 29.4 ± 0.388 °C in May and ·minimum 18.6± 

0.408 °C in January during the first year study period. In the second year study . 

period, it increased a little in August then decreased from September to November. 

Again it increased a little in December and a little decrease was recorded in January. 

Then, it increased from February to May. Again a slight decrease was recorded in 

June followed by a little increase in July (Table 12 and Fig, 38). The maximum water 

temperature was 29.2 ± 0.408 °C in May and minimum 18'.2 ± 0.483 °C in January. 

Water temperature showed positive and significant correlation with free carbon 

dioxide (r = 0.9020, P<O.Ol) and biological oxygen demand ( r = 0.7416, P< 0.01) but 

inverse and significant correlation with transparency (r =- 0.4687, P < 0.05), pH (r=-

0.7587, P<O.Ol), dissolved oxygen (r = - 0.8977, P<O.Ol), total alkalinity (r = -0. 

6182, P<O.Ol) and total hardness (r = -0.6227, P<O.Ol) (Table 13). 

Transparency 

The transparency increased from August to October then a slight decrease was 

recorded in November. Again it increased from December to. March then decreased 

from April to June and increased a little in July during the first year study period 

(Table 11 and Fig. 39). The maximum transparency was 34.5 ± 0.707 em in March 

and minimum 17.2 ± 0.775 em in June during the first year study period. During the 

second year study period also it increased from August to October then slight 

decrease was recorded in November. Again it increased from December to February 

then decreased from March to June and increased a little in July (Table 12 and 39). 

The maximum transparency was 34.5 ± 0.739 em in february and minimum 19. 4 ± 

0.668 em in June. Transparency showed positive and significant correlation with pH 

(r= 0.3869, P<O.IO), dissolved oxygen (r = 0.5565, P<O.Ol), total alkalinity (r = 0. 

5869, P< 0.01), total hardness (r = 0.8645, P<O.Ol), and chloride (r = 0.6616, P<O.Ol) 

(Table 13). 

pH 

The pH increased a little in August then decreased from September to October. Again 

it increased from November to January then decreased from February to April and 

again increased from May to July during the first year study period (Table 11 and Fig. 
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40). The maximum PH was 8.2 ± 0.188 in January and minimum 7.3 ± 0.156 in April 

during the first year study period. In the second year study period, it increased a little 

in August then decreased from September to October. Again it increased from 

November to January then decreased from February to May. Then a slight increase 

was recorded from June to July (Table 12 and 40). The maximum pH was 8.4 ± 0.152 

in January and minimum 7.3 ± 0.163 in May during the second year study period. The 

pH showed positive and significant correlation with dissolved oxygen (r = 0. 7551, 

P<0.01) and total hardness (r = 0.4263, P <0.05) but inverse and significant 

correlation with free carbon dioxide (r = - 0.7260, P< 0.01), and biological oxygen 

demand (r = -0.8574, P<0.01) (Table 13). 

Dissolved Oxygen 

The dissolved oxygen increased from August to January. then decreased from 

February to May .. Again it increased from June to. July during the first year study 

period (Table 11 and Fig. 41). The maximum dissolved oxygen was 8.27 ± 0.254 

mg/L in January and minimum 5.83 ± 0. 226 mg!L in May during the first year study 

period. During the second year study period also the dissolved oxygeri increased from 

August to January then decreased from February to June. Again it increased a little in 

July (Table 12 and 41). The maximum dissolved oxygen was 7.92 ± 0.249 mg!L in 

January and minimum 6.55 ± 0.244 mg!L in June during the second year study 

period. The dissolved oxygen showed positive and significant correlation with total 

alkalinity (r = 0.4866, P<0.05) and total hardness (r = 0.5481, P<O.Ol) but inverse and 

significant correlation with free carbon dioxide (r = -0. 871, P<0.01) and biological 

oxygen demand (r = -0. 8076, P<0.01) (Table 13). 

Free Carbon dioxide 

The free carbon dioxide increased a little in August then decreased from September to 

January. Again it increased from February to April then decreased from May to July 

during the first year (Table 11 and Fig. 42) and the second year study periods (Table 

12 and Fig. 42). The maximum free carbon dioxide was 6.56 ± 0.200 mg!L in April 

and minimum 5.3.5 ± 0. 235 J?g/L in January during the first year study period. 

During the second year study period, the maximum free carbon dioxide was 6.62 ± 

0.185 mg!L in April and minimum was 5.23 ± 0.224 mg'L in January. Free carbon 
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dioxide showed positive and significant correlation with biological oxygen demand (r · 

= 0.7852, P<O.OI) but inverse and significant correlation with total alkalinity (r = -0. 

4551, P <0.05) and total hardne&s (r= -0.3472, P<O.lO), (Table 13). 

Total alkalinity 

The total alkalinity decreased from August to September then a slight increased was 

recorded in October. Again it decreased a little in November and increased from 

December to January then decreased from February to July during the first year 

(Table 11 and Fig. 43) and the second year study periods (Table 12 and Fig. 43). The 

maximum total alkalinity was 112.9 5 ± 1. 21 0 mg/L in January and minimum 66.33 

± 0.683 • in September during the first year study period. During the second year 

study period, the maximum total alkalinity was 115.37 ± 1.191 mg/L in January and 

minimum 68.34 ± 0.758 mg/L in September. The total alkalinity showed positive l!lld 

significant correlation with total hardness (r = 0.6862, P<O.Ol) and chloride (r· = 

0.7877, P <0.01) (Table 13). 

Total hardness · 

The total hardness increased from August to December. then a slight decrease was 

recorded in January. Again it increased from February to March then decreased from 

April to July in the first year study period (Table 11 and Fig. 44) .. The maximum total 

hardness was 76.34 ± 0.589 mg/L in March and minimum 50.34 ± 0.529 mg/L in July 

during the fir~t year study period. During the second year study period, the total 

hardness increased from August to March then decreased from April to July. The 

maximum total hardness was 83. 45 ±0.584 mg/L in March and minimum 53.89± 

0.678 mgiL in July during the second year study period (Table 12 and Fig. 44). The 

total hardness showed positive and significant correlation with chloride (r = 0.6871, P 

< 0.01) (Table 13), 

Chloride 

The maximum chloride was 16.83 ± 0.169 ni.g!L in March and minimum 11.33 ± 

0.141 mg/L in July during the first year study period (Table 11 and Fig. 45). During 

the second year study period, the maximum chloride was 18.14 ± 0.172 mg/L in 
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March and minimum 11.23 ± 0.185 mg/L in July (Table 12 and Fig. 45). Chloride 

showed positive correlation with biological oxygen demand (r = 0.2074) (Table 13). 

Biological oxygen demand 

The biological demand of oxygen increased a little in August then decreased from 

_ September to January. Again it increased from February to May then a slight decrease 

was recorded from June to July during the first year (Table -11 and Fig. 46) and the 

second year study periods (Table 12 and Fig. 46). The maximum biological oxygen 

demand was 2.34 ±0. 068 mgiL in May and minimum 0.89 ± 0.041 mgiL in January 

during the first year study period. During the second year study period, the maximum 

biological oxygen demand was 2.36 ± 0.082 mg/L in May and minimum 0.87 ± 

0.041 mgiL in January. The biological oxygen demand showed positive and significant 

correlation with air temperature (r = 0. 6706, P < 0.01), water temperature (r = 0.7416, 
' P <0.01) and free carbon dioxide (r = 0.7852, P < 0.01) but inverse and significant 

correlation with pH (r = - 0. 8574, P < 0.01) and dissolved oxygen (r = -0. 8076, P 

<0.0 I) (Table 13) .. 
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Table 11 Air temperature and p)lysico- chemical parameterS of water at Site 4 
(Titrigachhi dliha) from July 2002- June 2003 (Mean± S.D., N = 9). 

Months 
Parameters 

Jul. Aug. Sop. OcL Nov. Dec. JM. Feb, Ma<eh Apr. M•y 

Air 
temperalllre 30.3 31.4 29.6 27.5 23:4 22.4 20.6 27.6 28.4 31.7 32.4 
("C) 

!0.654. !J).476 :t(l.325 !J).476 !J).416 !0.464 :t(l.454 !Jl.496 !Jl.424 !J).408 :t(l.590 

Water 
temperature 26.4 27.1 25.7 24.6 20.3 19.7 16.6 24.2 26.3 26.2 29.4 
("C) 

;!:0.692 !0.473 !J).431 ,!1.512 !J).374 !J).596 :t(l.406 !0.394 !J).573 !J).399 !J).366 

Transparenc 19.2 23.4 26.3 29.1 24.2 26.7 30.6 32.9 34.5 21.7 16.4 
y(cm). 

!J).742 :t(l.700 !J).654 !0.667 !J).725 !J).635 !J).653 !0.710 !J).707 :t(l.746 !Jl.630 

pH 7.9 6.1 6 7.6 6 6.1 6.2 7.9 7.6 t.3 7.5 

:t(l.194 !0.169 !0.163 :t(l.141 !J).194 !J).149 :t(l.166 !Jl.169 !J).162 !J).156 !0.149 

Dissolved 
oxygen 

6.63 6.65 7.33 7.64 7.62 7.93 6.27 H6 6.9 6.11 5.63 (DO,), (rrg/ 
L) 

. !0.166 !J).343 !0262 !0216 !0.245 !0.256 !0.254 !0.225 !0.226 !J).266 !0226 

Free carbon 
dioxide 6.15 6.33 5.92 5.62 5.64 5.45 5.35 6.24 6.45 6.56 6.38 (CO,)( mgt 
L) 

!Jl.179 !0.149 !J).161 :t(l.193 :t(l.219 !0.226 !0.235 !J).209 . !0.169 !J).200 !J).166 

Total 
alkalinity 73.24 66.45 56.33 93.55 87.44 97.78 112.95 95.43 93.65 87.86 82.81 
(mg/L) 

!Jl.671 !J).728 !J).683 !1.034 !J).766 :t(l.887 :!;1.210 :t(l.640 !Jl.735 :t(l.8Q2 :t(l.819 

Total 
hardness 50.34 61.86 65.95 67.65 72.34 75.25 73.74 74.23 76.34 65.62 61.54 
(mg/ L) 

!J).529 !0.426 !J).522 :t(l.518 !Jl.466 !J).417 !0.436 :t(l.473 !Jl.589 :t(l.407 !J).474 

Chloride 11.33 11.62 12.24 14.63 12.35 14.34 15.63 16.42 16.83 14.15 13.64 (mg/L) 

:t(l.141 !J).174 :t(l.163 !J).176 :t(l.205 !J).216 !0.169 :t(l.147 !J).169 :t(l.156 !0.177 

Biological 
Oxygen 
Demand 1.11 1.23 1.1 0.98 0.96 0.92 0.69 1.28 1.76 Z13 Z34 
(BOD), (mg/ 
L) 

!0.034 !J).050 !0.032 !0.040 !J).032 !J).036 !J).041 !J).046 !J).064 !J).063 !0.066 
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30.2 

:t(l.432 

26.6 

!J).454 

17.2 

:t(l.n5· 

7.6 

!0.221 

6.62 

!0209 

6.27 

!J).143 

79.52 

:t(l.813 

59.35 

!0.404 

15.43 

!0.176 

1.35 
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Table 12 Air temperature and physico-chemical parameters of water at Site 4 
(Titrigachhi daha) from July 2003- June 2004 (Mean± S.D., N = 9). 

Months 
Parameters 

Jul. Aug. Sop. Oct. Nov. Doc. Jon. Feb. March Apr. May 

Air 
30.2 32.6 29.9 27.4 24.3 22.7 21.6 26.4 29.6 32.4 33.1 

temperab.ne(0 c) 

;!.0.457 ;:0.429 ;:0.398 ;:0.480 ;:0.426 ;!.0.429 ;:0.454 ;:0.410 ;:0.447 ;:0.388 ;:0.424 

Water 
27.3 27.7 24.8 24.6 19.3 19.6 18.2 24.2 27.3 29.1 29.2 temperature(0 c) 

;:0.520 ;:0.533 ;:0.565 ;:0.516 ;:0.437 ;:0.418 ;:0.483 ;:0.483 ;:0.471 ;:0.416 ;:0.408 

Transparency 20.4 24.3 27.4 30.7 25.4 29.6 31.4 34.5 34.2 24.4 19.6 
(an). 

;:0.635 ;:0.554 ;:0.724 ;:0.725 ;:0.722 !().771 ;:0.721 ;:0.739 ;:0.544 ;:0.745 ;:0.669 

P" 8 8.1 8 7.9 8.2 8.3 8.4 8 7.9 7.4 7.3 

;:0.156 ;:0.141 ;:0.182 ;:0.221 ;:0.188 ;:0.176 ;:0.152 ;:0.115 ;:0.188 ;:0.176 ;:0.163 

Dissolved 
oxygen 6.92 7.11 7.33 7.53 7.82 7.9 7.92 6.95 6.71 6.66 6.58 

(DO,), (mg/ L) 

;:0.246 ;:0.134 ;:0.210 ;:0.209 ;:0.229 ;:0.188 ;:0.249 ;:0.262 ;:0.233 ;:0.235 ;:0.265 

Free carbon 6.13 6.24 5.92 5.75 5.66 5.42 5.23 6.35 6.56 6.62 6.25 dioxide 
(CO,) (rng/ L) 

;:0.188 ;:0.153 ;:0.180 . ;:0.176 ;:0.208 ;:0.159 ;:0.224 ;:0.191 ;:0.225 ;:0.185 ;:0.149 

Total alkalinity 72.32 70.52 68.34 95.47 90.21 102.46 115.37 97.85 95.93 89.79 85.68 (mgll) 

;:0.816 ;:0.845 ;:0.758 ;:0.847 ;:0.954 !:1.189 !;1.191 ;:0.779 ;:0.871 ;:0.725 ;:0.761 

Total hardness 53.89 63.43 67.67 '68.58 75.73 77.34 79.22 81.36 83.45 61.67 56.46 (mgll) 

;:0.678 ;:0.589 ;:0.593 ;:0.585 ;:0.442 ;:0.454 ;:0.550 ;:0.496 ;:0.584 ;:0.595 ;:0.612 

Chklride(mgl L) 11.23 12.24 12.25 15.73 13.47 15.23 17.32 17.56 18.14 15.57 14.34 

;:0.185 ;:0.177 ;:0.208 ;:0.143 ;:0.204 ;:0.166 ;:0.149 ;:0.219 ;:0.172 ;:0.177 ;:0.109 

Biological Oxygen 1.13 1.32 1.11 1 0.96 0.94 0.87 1.54 1.89 2.14 2.36 Demand (BOD), 
(mg/L) 

;!0.062 :!;0.068 !(1.043 !C).041 !(1.047 ;!0.046 ;!0.041 ;:0.060 !().067 :!;0.072 !(1.082 
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;:0.480 

27.2 
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19.4 
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7.8 

;:0.226 

6.65 
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6.15 

;:0.156 
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;:0.806 

55.37 
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Table 13 Pearson's correlation coefficient (r) for air temperature and physico
chemical parameters of water at Site 4 (Titrigachhi daha) during July 
2002 ~June 2004. N = 24, d.f.=22 

Water Dissolved Free Biological 

temperalu Transparency. carbon Total Total Chloride Oxygen 
Parameters pH oxygen ·dioxide elkalinlty hardness Demand ra (em). (DO,), . (CO,) (mg/L) (mg/L) (mg/L) 

~:?>· ("C) (mgll) cingtL> Li 
Air temperatura ('C) 0.9739' .().5496' .().6927' .().8657' 0.8488' .().7234' .().6808' .().3283 0.6706' 

Water temperature .().4687" .(),7587' .().8977" 0.9020' .().6182' .0.6227* .().1996 0.7416' 
('C) 

Transparency (em). 0.3869'" 0.5565' .().2529 0.5869' 0.8645' 0.6616' .().2581 

pH 0.7551' .(),7260' 0.2097 0.4263" .().0474 .().8574' 

Dissolved oxygen .().871' 0.4866" 0.5481' 0.1262 .().8076' 
(DO,),(mgl L) 
Free carbon dioxide .().4551" .().3472'" 0.0285 0.7852' 
(CO,)(mg/ L) 
Total alkalinity (mgl 0.6862' o.78n' .().1180 
L) 
Total hardness (mg/ 0.6871' .().20307 
L) 

Chloride (mgl L) 0.2074 

(i) * Significant at 1% level (P<O. 01), **significant at 5% leyel (P<O. 05), ••• significant at 10% 
level (P<0.10) 

(ii) Values not marked denote non-significant correlation. 
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Jul. Aug. Sop ~ Nov. Doc. Jan. Fob. Mar. Apr. May Jun. 

rilYearl 

I!IYear II 

Fig. 37 Monthly variations in air temperature at Site 4 during the first and the second 
year study periods. 

Fig. 38 Monthly variations in water temperature at Site 4 during the first and 
the second.year study·periods. 
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Jul. Aug. Sep Oct. Nov. Dec. Jan. Feb. ~>tar. Apr. May J11n. 

~Year I 

Ia Year II 

Fig. 39 Monthly variations in transparency of water at Site 4 during the first and the 
second year study periods. 

Fig. 40 Monthly variations in pH of water at Site 4 during the first and the second 
year study periods. 
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Jul. Aug. S.p Oct Nov. Dec. Jon. Feb. Mor. Apr. Moy Jun. 

~Year I 

I!IYearll 

Fig. 41 Monthly variations in dissolved oxygen of water at Site 4 during the first and 
the second year study periods. 

~Year I 

l!l Year II 

Jul. Aug. Sep Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. 

Fig. 42 Monthly variations in free carbon dioxide of water at Site 4 during the first 
and the second year study periods. 

79 



JuL Aug. Sep Oct. Nov. Doc. Jan. Fob. Mar, Apr. May Jun. 

c;lYear I 

I!IYear II 

Fig. 43 Monthly variations in total alkalinity of water at Site 4 during the first and 
· the second year study pe~ods: 

~Year I 

I!IYear II 

Fig. 44 Monthly variations in total hardness of water at Site 4 during the first and 
the second year study periods. 
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Fig. 45 Monthly variations in chloride of water at Site 4 during the first and 
the second year study periods. 

Fig. 46 Monthly variations in BOD of water at Site 4 during the first and 
the second year study periods. · 
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Seasonal variations in air temperature and physico-chemical parameters of 
water at Site 1 (Koshi river) 

The seasonal variations in air temperature and physico-chemical parameters of water 

at Site! during the first year and the second year.study periods are shown in Table 14. 

The air temperature of this site was little higher (30.13°C) in rainy season in 
. ' 

comparison to that of summer (29.55°C) and lowest in winter season during the· first 

year study period. During the second year study period, the air temperature at Site I 

was recorded little higher in summer than rainy season and lowest was found in 

winter. The water temperature was maximum in summer followed by rainy and winter 

seasons during the first and the second year study periods. The maximum values of 

transparency, total alkalinity and to tit! hardness were in winter followed. by summer 

and rainy seasons during the first and the second year study periods. The pH was 
highest in winter followed by rainy and summer seasons during the first and the 

second year study_ periods. The maximum dissolved oxygen was in winter followea . 

by summer and rainy. seasons during the first and the second year study periods. 

Maximum value of free carbon dioxide was in rainy season followed by summer and 

lowest in winter season during the first and the second year study periods. The 

maximum value of chloride was in summer followed by winter and minimum in rainy 

season during the first and the second year study periods. The maximum value of 

biological oxygen demand was in summer followed by rainy and winter seasons 

during the first and.the second y~ar study periods (Table 14). 
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Table 14 Seasonal variations in air temperature and physico-chemical 
parameters of water at Site 1 (Koshi river) during the first year (July 

2002 -June 2003) and the second year (July 2003- June 2004) study 
periods~ 

Year I Year II 

Parameters Summer Rainy Winter Summer Rainy Winter' 

Air \emperatum ("C) 29.55 30.13 22.43 29.85 29.8 21.75 

Water temperature ("C)· 26.35 26.2 16.43 26.2 . 26.16 1BA 

Trarisparency (an). 28.48 13.93 44.85 33 15.85 49.4' 

pH 7.75 7.9 6.08 7.63 7.95 8.03 

Dissolved oxygen (DO,), 6.85 7.69 10.10 8.63 7.82 10.01 
(~IL) 

Free carbon dioxide(CO,) 5.15 5.55 4.51 5.12 5.49 4.32 . 
(~) 

Total all<alinlty (mg/L) 65.54 50.36 96.36 68.02 '51.05 94.08 

Total hardness (~IL) 56.34 37.62, 58.04 57.47 38.79 59.66 

Chloride (~IL) 11.2 9.47 10.97 11.5 10.13 11.29 

Biological OXygen 1.22 0.99 0.61 1.17 0.94 0.79 Demand (BOD). (~) 

Seasonal variations in air temperature and physico-chemical parameters of 
water at Site 2 (Seepage stream at Kushaha area) · 

The seasonal variations in air temperature and physicolchemical parameters of water 

at Site 2 during the first year and the second year study periods are shown in Table 15. 

The air temperature of this site was highest in rainy season and minimum in winter 

season during the first year study period but it was highest in summer during the 

second year study .Period. The maximum water temperature was in surniner followed 

by rainy and winter seasons .during the first and the second year study peribds. The 

maximum value of transparency, total alkalinity, total hardness and chloride were in 

winter season followed by summer and rainy seasons during the fust and second ·year 

study perio<\s. The maximum pH was in winter and minimum in summer season 

during the first and the second year study period. The maximum dissolved oxygen 

was in winter season followed by rainy and summer seasons during the first and the 

second year study periods. The free carbon dioxide and biological oxygen demand 

were maximum in summer season followed by rainy and winter seasons during the 

first and the second year study periods (Table 15). 
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Table 15 Seasonal variations in air temperature and physico-chemical 
parameters of water at Site 2 (Seepage stream at Kuhasha area) during 

the first year (July 2002- June 2003) and the second year (July 2003-
June 2004) study periods. 

Year! Year II 
Parameters Summer Rainy Winter Summer Rainy Wlnler 

Air JemperaJure ('C) 29.65 30.3 22.5 30.83 30.33 23.38 

Waler JemperaJure( 27.6 26.25 19.2 28.15 26.8 19.68 'C) 

Transparency (em). 27.98 22 29.91 27.63 23.1 28.13 

pH 7.4 7.43 8 7.35 7.38 8.Q3 

Dissolved oxygen 5.97 6.18 6.69 6.07 6.21 6.95 (DO,),(rr¢.) 
Free carbon 5.71 5.46 5.08 5.98 . 5.65 5.05 dloxlde(CO,) (IT¢.) 

Tolal alkaHnily 93.10 69.74 96.74 93.60 68.88 98.2 
(mg/l.) 

Tolal hardness 69.39 55.17 73.52 67.82 65 69.1 (IT¢.) 

C~loride(rr¢.) 14.70 14.63 16.43 15.59 15.42 16.87 

Biological Oxygen 1.01 . ~=~d (BOD), 1.67 0.85 1.65 0.99 0.60 

Seasonal variations in air temperature and physico-chemical parameters of 
water at Site 3 (Seepage stream at Shripur area) 

Seasonal variations in air temperature and physico -chemical parameters of water at 

Site 3 during the first year and second year study period are presented in Table I 6. 

The maximum air temperature of this site was in rainy season and minimum in winter 

season but the water temperature was maximum in summer and·minimum in winter 

during the first and the second year study periods. The maximum value . of 

transparency, total alkalinity, total hardness and chloride were in. winter season 

followed by summer and rainy seasons during the first and ·the second year study 

periods. The pH Was maximum in Wmter season and minimum in summer season 

during the first and the second year study periods. The maximum dissolved oxygen 

was in wiriter season and minimum in summer season during the first and the second 

year study periods. The maximum value of free carbon dioxide and biological oxygen 

demand were in summer season followed by rainy and winter seasons during the first 

and the second year study periods. 
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Table 16 Seasonal variations in air temperature and physico-chemical 
parameters of water at Site 3 (Seepage stream at Shripur area) during 
the first year (July 2002 -June 2003) and the second year (July 2003-
June 2004) study periods. 

Year I - YearU 
Parameters Summer Rainy Winter Summer Rainy Winter 

Air temperature ('C) 29.68 30.23 23.63 30.4 30.93 23.68 

Water temperature( 26.83 26.58 20.28 27,25 26.63 20.1 'C) 

Transparency (an). '26.05 21.4 28.6 28.2 23.08 31.4 

P" 7.38 7.68 8.08 7.45 7.73 8.05 

Dissolved oxygen 5.98 6.22 7.05 5.86 6.03 7.13 (D02), (mgll) 
Free Calbon 5.92 5.58 5.23 6.01 5.66 5.30 dloxlde(CO.) (mg/L) 

Total alkalinity (mgll) 101.97 77.66 107.73 102.95 77.69 107.61 

Total hamness 65.81 51.15 67.68 66.90 51.44 67.14 (mgll) 

Chloride (mgll) 13.36 12.99 16.24 13.5 13.31 16.34 

Biological Oxygen 

~~"]t"ld (BOD), 1.64 1 0.75 1.61 1.04 0.79 

Seasonal variations in air temperl!ture and physico-chemical parameters of 
water at Site 4 (Titrigachhi daha) 

The seasonal variations in air temperature and physico-chemical parameters of water 

at Titrigachbi daha (Site 4) during the first and the second year study periods are 

shown in Table 17. •The air temperature of this site was recorded maximum in rainy 

season followed by summer and winter seasons but the water temperature was 

recorded maximum in summer followed by rainy and Winter seasons during the first 

and the second year study periods. The maximum values of transparency, total 

alkalinity and total hardness were in winter season followed by summer and rainy 

seasons during the first and the second year study periods. The maximum pH was in 

winter season followed by rainy and summer seasons during the first and the second 

year study periods. The maximum chloride was in summer followed by winter and 

minimum in rainy seasons during the first and the second year study periods. The 

maximum dissolved oxygen was in winter season followed by rainy arid summer 

seasons during the first and the second year study periods. The maximum values of 
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free carbon dioxide and biological oxygen demand were in summer season followed 

by rainy and winter seasons during the first and the second year study periods (Table 

17). 

Table 17 Seasonal variations in air temperature and physico-chemical 
parameters of water at Site 4 (fitrigachhi dah) during the first year 
(July 2002 -June 2003) and the second year (July 2003 -June 2004) 
study periods. 

Year I Year II 
Parameters Summer Rainy . Winter summer Rainy· 

Air temperature ('C) 30.03 30.36 23.46 30.38 31 

Water temperature ('C) 27.03 26.45 20.8 27.45 26.75 

Transparency (an). 26.68 22.03 28.2 28.18 22.66 

pH 7.58 7.95 8.03 7.65 7.98 

Dissolved oxygen (DO.). (mg/l) 6.58 6.86 7.92 6.73 6.96 

Free carbon dloxlde(CO,) (mgll 6.41 6.17 5.57 6.45 6.11 

Total alkalinity (mg/l) 69.94 71.69 97.93 92.31 73.41 

Total halllness (mg/l) 69.43 59.38 72.25 70.74 60.09 

Chloride (mgll) 15.26 12.66 14.26 16.40 12.2 

Biological Oxygen Demand (BOD), 
(mg/l) 1.88 1.20 0.94 . 1.96 1.26 

Seasonal variations in air temperature and physico-chemical parameters 
of water at four sites. 

Winter 

24 

20.43 

29.26 

8.2 

7.79 

5.49 

100.68 

75.22 

15.44 

0.94 

Monthly data on air temperature and physico-chemical parameters of water of four 

sites of the whole study period (July 2002- June 2004) are pooled in seasonal values 

and are shown in Table 18. The maximum air temperature was recorded in rainy 

season followed by summer and winter seasons at all the sites. The maximum air 

temperature was recorded 30.69°C at Site 4 and minimum 22.09 °C at Site I. The 

maximum water temperature was recorded in summer followed by rainy and winter 

seasons at all the sites. The maximum water temperature was recorded 27.88 °C at 

Site 2 and mini~um 18.41 °C at Site I. The maximum water transparency was 

recorded in winter season followed by summer and rainy seasons at all the sites. The 

maximum transparency was recorded 47.13 em at Site I and minimum 14.9 em also at 

86 



Site 1. The maximum pH was recorded in winter ·followed by rainy and summer 

seasons at all the sites. The maximum pH was recorded 8.11 at Site 4 and minimum 
. . . ~ 

7.38 at Site 2. The maximum dissolved oxygen was recorded in winter season 

followed by rainy and summer seasons at Site 4, Site 3, and Site 2 but at Site 1 the 

maximum content of dissolved oxygen occurred in winter followed by summer and 

rainy seasons. The maximum dissolved oxygen was recorded 10.06 mg/L at Site 1 

and minimum 5.92 mg/1 at Site 3. The maximum free carbon dioxide was recorded in 

summer season followed by rainy and winter seasons at Site 2, Site 3 and Site 4 but at 

Site 1 the maximum free carbon dioxide was recorded in rainy season followed by 

summer and winter seasons. The maximum free carbon dioxide was recorded 6.43 

mg/L at Site 4 and minimum 4.41 mg/L at Site 1. The total alkalinity -was recorded 

maximum in winter season followed by summer and rainy seasons at all the sites. It 

was recorded maximum 107.67 mg/L at Site 3 and minimum 50.72 mg/1 at Site I. The 

maximum total hardness was recorded in winter season followed by summer and 

rainy seasons at all the sites and it was recorded maximum 73.73 mg/L at Site 4 and 

minimum 38.20 mg/1 at Site 1. The maximum chloride was found in winter season 

followed by summer and rainy seasons at Site 2 and Site 3 but maximum chloride was 

found in summer season followed by winter and rainy seasons at Site 1 and Site 4. 

The maximum chloride was recorded 16.65 mg/L at Site 2 and minimum 9.80 mg/1 at 

Site 1. The biological oxygen demand was recorded maximum in summer season 

followed by rainy and winter seasons at all the sites. The maximum· quantity ·of 

biological oxygen demand was recorded 1.93 mg/L at Site 4 and minimum 0.77 mg/L 

at Site 3. 
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Table 18 Seasonal variations in air temperature and physico-chemical 
parameters of water at four sites during the whole study period (July 
2002 -June 2004). · . 

Slte-1 Sile·2 Sile-3 
Parameters 

Summer Rainy Winter Summer Rainy Winter Summer Rainy Winter Summer 

Air 

:!r:ratura 29.7 29.96 22.09 30.24 30.31 22.94 30.04 30.58 23.65 30.2 

Water 

rcrratura 26.28 26.19 18.41 27.88 26.53 19.44 27.04 26.6 20.19 27.24 

Transparency 30.74 14.9 47.13 27.8 22.55 29.02 27.13 22.24 30 27.53 (em). 

P" 7.79 7.93 8.05 7.38 7.4 8.Q1 7.41 7.7 8.06 7.61 

Dissolved 
oxygen 8.74 7.86 10.06 6.02 6.19 6.82 5.92 6.12 7.09 6.65 (00.), (mg/ 
L) 

Free carbon 
dioxkle(CO,) 5.13 &.52 4.41 5.85 ·5.56 5.06 5,96 5.62 5.26 6.43 
(mg/L) 

Total 
alkallni~ (mg/ 66.78 50.72 95.22 93.35 69.31 97.47 102.46 77.67 107.67 91.13 
Ll 
Tolat 

i:""' 56.91 38.20 58.95 68.60 55.08 71.31 66.36 51.29 67.41 70.08 
/Ll 

Chloride 11.35 9.80 11.13 15.14 15.02 16.65 13.43 13.15 16.29 15.83 (mgll) 

Biological 
Oxygen 
Demand 1.20 0.96 0.80 1.66 1 0.82 1.62 1.02 . 0.77 1.93 
(BOD), (mg/ 
l! 

Test for significant and insignificant differences in air temperature and 

physico-chemical parameters of water among sites and seasons. 

Site· 4 

Rainy Winter 

30.69 23.74 

26.6 20.61 

22.45 28.74 

7.96 8.11 

6.92 7.85 

6.14 5.53 

72.65 99.40 

59.7.3 73.73 

12.47 14.85 

1.23 . 0.94 

The Tables 19 to 28 show the significant and insignificant differences in illr 

temperature and physico-chemical parameters of water among sites and seasons. 

Table 19 shows significant difference in air temperature among different sites at 5 % 

( a=O.OS) significance level and significant difference among different seasons at 1% 

(a=O.Ol) significance level because the calculated value (F-value) is more than 

tabulated value (critical value). 
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Table 19 Variations in air temperature in different sites and seasons. 

Seasons Site 1 Site2 Site 3 Site 4 

Summer 29.7 30.24 30.04 30.2 

Rainy 29.96 30.31 30.58 30.69 

Winter 22.09 22.94 23.65 23.74 

ANOVA F-value· Critical value 

Among sites 5.3536" 4.757(a=0.05) 9.779 (a=0.01) 

Among seasons 660.129' 5.143(a=0.05) 10;924 (a=O.Ol) 
*indicates significance at 1% level (P<O. 01), **indicates significance at 5% level (P<O. 05). 

Table 20 shows insignificant difference in water temperature among different sites but 

significant difference among different seasons at 1 % significance level because 

calculated value (251.3196) is more than tabulated value. 

Table 20 Variations in water temperature in different sites and seasons. 

Season Site 1 Site2 Site3 Site 4 
Summer 26.28. 27,88 27.04 27.24 

Rainy 26.19 26;53 26.6 .26.6 

Winter 18.41 19.44 20.19 20.61 

ANOVA F-value Critical value 
Among sites 3.1173 4.757(a=0.05) · 9.779 (a=O.Ol) 

Among seasons 251.3196' 5.143(a=0.05) 10.924 (a=O.Ol) 
*md•cates s1gmficance at 1% level (P<O. 01), •• md1cates s•gmficance at 5% level (P<0.05 

Table 21 shows insignificant difference in transparency among different sites and 

seasons at 5 % significance level. 

Table 21 Variations in transparency in different sites and seasons. 

Season Site 1 Site2 Site 3 Site 4 

Summer 30.74 27.8 27.13 27.53 
Rainy . 14.9 22.55 22.24 22.45 
Winter 47.13 29.02 30 28.74 

ANOVA F-value Critical value 
Among sites 0.3796 4.757(a=O.OS) . 9.779 (a=O.Ol) 

Among seasons 4.309752 5.143(a=0.05): 10.924 (a=0.01) 
0. 0 

*md1cates s•gmficance at 1% level (P<O. 01), ** md1cates s•gmficance at 5% level (P<O. 05 
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Table 22 shows insignificant difference in pH values among different sites at 5 % 

significance level and significant difference among different seasons at 1 % 

significance level. 

Table 22 Variation in pH in different sites and seasons. 

Season Site 1 Site 2 Site3 Site 4 

Summer 7.79 7.38 7.41 7.61 

Rainy 7.93 7.4 7.7 7.96 

Winter 8.05 8.01 8.06 8.11 

ANOVA F-value Critical value 

Among sites 3.9777 4.757(a=0.05) 9.779 (a=0.01) 

·Among seasons 14.9792' 5.143(a=0.05) 10.924 (a=0.01) .. 
*md1cates s1gmficance at 1% level (P<O. 01), ** md1cates s1gmficance at 5% level (P<O. OS 

Table 23 shows significant differences in dissolved oxygen among different sites and 

seasons at 1 %significance level. 

Table 23 Variations in dissolved oxygen in different sites and seasons. 

Season Site 1 Site2 Site 3 Site 4 
Summer 8.74 6.02 5.92 6.65 
Rainy 7.86 6.19 6.12 6.92 
Winter 10.06 6.82 7.09 7.85 

ANOVA F- value Critical value 
Among sites 30.637* 4. 757( a=0.05) 9.779 (a=O.Ol) 

Among seasons 12.764* 5.143(a=0.05) 10.924 (a=0.01) 
*Indicates s1gmficance at 1% level (P<O. 01), **md1cates s1gmficance at 5% level (P<O. OS 
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Table 24 shows significant differences in free carbon dioxide among different sites · 

and seasons at 1 % significance level during the whole study period. 

Table 24 Variations in carbon dioxide in different sites and seasons. 

S!)ason Site 1 Site2 Site'3 Site 4 
shmmer 5.13. 5.85 5.96 6.43 

Rainy 5.52. 5.56 5;62 6.14 
' Winter . 4.41 5.06 5.26 5.53 

ANOVA F-valne Critical value 

Among sites 13.227t 4.757(a=0.05) 9.779 (a=0.01) 

Among seasons 17.548* 5.143(a=0,05) 10.924 (a=O.OI) 
*md1cates s•gmficance at 1% level ~<0. 01), •• md1cates s•gmficance at 5% level (P<O. 05 

Table 25 shows significant difference in total alkalinity among sites at 5 % 

significance level and significant difference among seasons at I % significance level. 

Table 25 Variations in total alkalinity in different sites and seasons. 

Season Site 1 Site2 Site3 Site 4 
Summer 66.78 93.35 102.46 91.13 
Rainy 50.72 69.31 77.67 72.65 

Winter 95.22 .97.47 107.67 99.40 

ANOVA F-value Critical value 
Among sites 9.117 •• 4.757(a=0.05) 9.779 (a=0.01) 

Among seasons 29.892° 5.143(a=0.05) 10.924 (a=0.01) · 
0 0 *md1cates Slgmficance at 1% level (P<O. 01), ** md1cates s•gnificance at 5% level (P<O. 05 

Table 26 shows significant differences in total hardness among different sites and 
seasons at 1 % significance level. 

Table 26 Variations in total hardness in different sites and seasons. 

Season Site 1 Site 2 Site 3 Site 4 
Summer 56.91 68.60 66.36 70.08 
Rainy 38.20 55.08 51.29 59.73 
Winter 58.95 71.31 67.41 73.73 
ANOVA F-value Critical value 
Among sites 43.709° 4.757(a=0.05) 9.779 (a=0.01) 

Among seasons 92.7()79• 5.143(a=0.05) 10.924 (a=0.01) 
*md1cates s•gmficance at 1% level (P<O. 01), •• md1cates s•gmficance at 5% level (P<O. 05 
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Table 27 shows significant difference in chloride among sites at 1 % significance 

level but insignificant difference among seasons. 

Table 27 Variations in chloride in different sites and seasons. 

Season Site 1 Site2 Site 3 · Site 4 
Summer 11.35 15.14 13.43 15.83 
Rainy 9.80 15.02 13.15 12.47 

Winter 11.13 16.65 16.29 14.85 

ANOVA F- value Critical value 

Among sites 13.316. 4.757(a=0.05) 9.779 (a=0.01) 

Among seasons 4.677 5.143(a=0.05) . 10.924 (a=0.01) 
•md1cates s1gmficance at 1% level (P<O. 01), •• md1cates s•gmficance at 5% level (P<O. OS) 

Table 28 shows insignificant difference in BOD among sites at 5 % significance level 

but significant difference among different seasons at 1 % significance level. 

Table 28 Variations in· BOD in different sites and seasons. 

Season Site 1 Site2 Site3 Site 4 
Summer 1.20 1.66 1.62 1.93 
Rainy 0.96 1 1.02 1.23 
Winter 0.80 0.82 0.77 0.94 
ANOVA F- valu·e Critical value 
Among sites 3.8701 4.757(a=0.05) 9.779 (a=O.Ol) 

Among seasons 33.2323. 5.143(a=0.05) 10.924 (a=0.01) 
•md1cates s•gnificance at 1% level (P<O. 01), •• md1cates s1gmficance at 5% level (P<O. OS) 
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Macro-Biota 

Macrophytes 
A total of 65 species of aquatic macrophytes (Figs. 4 7 - 62) belonging to 53 genera 

and 32 families were recorded from the wetlands of the study area (Table 29). It 

constituted 21 hyperhydates, 12 helophytes, 9 submerged vittates, 9 tenagophytes, 8 

.. epjhydates, 3 submerged rosulates and 3 pleustophytes (Table 29). 

Typha angustifolia, Eichhornia crassipes, Nelumbo nucifera, Alternanthera sesilis, 

Phragmites karka, and Saccharum spontaneum were most dominant macrophytes in 

the study area. 

Table 29 Macrophytes of wetlands of KTWR and its surroundings. 

' 

S.N. Scientific name Family Life-form. Status and 
Occurrence 

I Hydri/Ja verticil/ala (L.f.) Hydrocharitaceae Submerged Occasional in 
Royle (Fig. 47) · vitiate lentic waters. 

2 Blyxajaponlca (Miq.) Maxim. Hydrocharitaceae Submerged Abundant in 
ex Asch & Gurke. vitiate oxbow lakes. 

3 Otte/ia a/ismoides (L) Pers Hydrocharitaceae Submerged Frequent in 
rosulate lentic /]otic 

waters. 
4 Val/isneria natans (Lour) H. Hydrocharitaceae Submerged · Rare in oxbow 

Hara (Fig: 48) rosulate lakes 
5 Lemna minor L. Lemnaceae Pleustophyte Abuntantin 

lentic waters. 
6 Cyperus triaL. (Fig. 49) Cyperaceae Hyperhydate Abundant in 

. paddy fields. 
7 Cyperus pi/osus V ahl Cyperaceae Hyperhydate Frequent in 

marshes. 
8 Cyperus procerus Rottb. Cyperaceae Hyperhydate Occasional in 

ditches. 
9 Cyperus exaltatus Retzius Cyperaceae Hyperhydate Abundant in 

·paddy fields. 
10 Cyperus maderaspatanus Cyperaceae Helophyte Occasional in 

Willdenow marshes. 
11 Pycreus pumilus (L.) Domin Cyperaceae Hyperhydate Frequent in 

paddy fields. 
12 Pycreus sanguinolentus (V ahl) Cyperaceae ' Hyperhydate Frequent in 

Nees ex. C.B. Clarke paddy fields. 
13 Fimbristylis aestivalis Cyperaceae Helophyte Frequent in 

(Retz.)V ahl. ·marshes. 
14 Fimbristylis acuminata Vahl Cyperaceae Tenagophyte Occasional in 

marshes. 
15 Fimbristylis dichotoma (L) Cyperaceae Tenagophyte Occasional in 

Vahl oxbow lakes. 
16 Schoenoplectus mucronatus- Cyperaceae Hyperhydate Frequent in 

(L) palla -- ~ shallow waters. 
17 Eclipta prostrata (L.) L. Asteraceae Helophyte Frequent in 

oxbow lakes. 
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18 Enhydra j/uctuans Loureiro Asteraceae Submerged Abundant in 
vittate oxbow lakes 

19 Spilanthes iabadicensis Asteraceae Hyperhydate Occasiomil in 
A.H.Moore oxbow lakes 

20 Sagittaria guyanensis Kunth Alismataceae Epihydate Occasional in 
(Fig. 50) oaddy fields. 

21 Ipomoea aquatlca Forssk. Convolvulaceae Epihydate Occasional in 
oxbow lakes. 

22 Merremia hederacea (Burm.f.) Convolvulaceae Helophyte Occasional in 
Hallier f. moist .and sandy 

marshes. 
23 Monochoria hastata (L.) Pontederiaceae Hyperhydate Occasional in 

Sohns (_Fig. 51) oxbow lakes. 
24 Eichhornia crassipes (Mart) Pontederiaceae Hyperhydate Abundant in 

solms. polluted marshy 
habitats. 

25 Melochia corchorifolia L. Sterculiaceae Hyperhydate Occasional in 
. oxbow lakes. 

26 Paspalum scrobiculatum L. Poaceae Tenagophyte 'Frequent in 
(Fig .. 52) p~tures arid 

marshes. 
27 Echinochloa s/agnina (Retz.) Poaceae · Hyperhydate Frequent in 

P. Beauv .. ; paddy fields. 
28 Echinochloa crus-galli (L.) P. Poaceae Hyperhydate Frequent in 

Beauv paddy fields. 
29 Saccharum spontaneum L. Poaceae Helophyte Abundant in 

oxbow lakes. 
30 Hygroryza oris/ala (Retz.) Poaceae Epihydate Rare in oxbow 

Nees ex wight and Am. lakes 
31 Phragmites karka (Retz.) Trin. Poaceae Tenagophyte Abundant on 

ex Steudel wetland banks. 
32 Eragrostis atrovirens (Desf.) Poaceae Helophyte Occasional in 

Trin.ex steudel marshes. 
33 Leptochloa chinensis (L) Nee5 Poaceae Tenagophyte O.ccasional on 

marshes. 
34 A/ternan/hera philoxeroides Amaranthaceae Hyperhydate Abundant in 

(Mart.) Griseb . shallow waters. 
35 A/ternan/hera sesi/is Helophyte Abundant in 

(L)DC. Amaranthaceae ditches. 
36 Tropa quadrispinosa Roxb. Trapaceae Epihydate Frequent in 

(Fig. 53) cultivated 
wetlands . 

37 Ludwigio adscendens (L.) H. Onagraceae . Epihydate Frequent in 
Hara (Fig. 54) polluted lentic 

waters. 
38 Pistia stratiotes Araceae Pleustophyte Frequent in 

L. oxbow lakes. 
39 Lasia spinosa (L.) Thwaites ( ·Araceae Hyperhydate Occasional in 

Fig. ssi oxbow lakes. 
40 Typha angustifo/ia L. Typhaceae Hyperhydate · Abundant in 

marshes. 
41 Persicaria barbala (L.) H. Polygonaceae Tenagophyte Frequent in 

Hara oxbow lakes .. 
42 Polygonum lapathifolium L. Polygonaceae Tenagophyte Occasional in · 

. marshy areas. 
43 Callitriche stagnalis Scopoli Callitrichaceae Submerged Rare in polluted 

(Fig. 56) vittate waters. 

44 Ceratophy/lum demersum L. Ceratophyllaceae Submerged Frequent in 
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(Fig. 57) . vittate lentic waters . 
45 . Utricularia aurea Lour. (Fig. Lentibulariaceae Submerged Frequent in 

58) ' vittate ditches. 
46 Nymphaea pubescens Willd Nymphaeaceae Epihydate Occasional in 

cFig. 59) . len tic waters. 
47 Ne/umbo nucifera· :.Gaertn. Nymphaeaceae Hyperhydate Abundant in 

lentic waters. 

48 Nymphoides hydrophyl/um Gentianaceae Epihydate Occasional in 
(i.otir) Kimtze . lentic waters. 

49 Nymphoides indica (L.) Gentianaceae Epihydate Rare in lakes. 
Kuntze 

50 Azol/a imbricata (Roxb.) Azollaceae Pleustophyte Abundant in 
'Nakai (Fi~. 60) oxbow lakes. 

51 Ceralopteris tha/ictroides (L.) Parkeriaceae Submerged Frequent in 
Brogn vitiate oxbow lakes. 

52 Costus speciosus (Koenig) Sm. Zingiberaceae Helophyte Rare in oxbow 
lakes. 

53 Cabomba aquatica Auble! Cabombaceae Submerged Abundant in 
vitiate oxbow lakes. 

54 Limnophi/a rugosa (Roth). Scrophulariaceae Submerged Abundant in · 
Merr. vittate oxbow lakes. 

55 Limnophi/a puncta/a Blume ( Scrophulariaceae Hyperhydate . Rare in 
Fig. 6iJ marshes. 

56 Ruppia cirrhosa Grande Scrophulariaceae Submerged RJire in lentic 
rosulate waters 

57 Hygrophila balsamica (L.) Acanthaceae Hyperhydate Occasional in 
Rafinesque lake areas. 

58 Hygrophila sa/icifo/ia (V ahl) Acanthaceae Tenagophyte Occasional·in. 
Nees ·marshes. 

59 Cente/la asiatica Umbelliferae Helophyte Freq\Jent in 
(L) Urb. sandy marshes. 

60 Oenanthe javanica (Blume) Umbelliferae Helophyte Occasional in 
De. oxbow lakes. 

61 Nicotiana plumbaginifolia Solanaceae Helophyte Frequent in 
Viv. marshes. 

62 Equisetum debile Roxb. Ex Equisetaceae Helophyte Frequent in 
Vaucher oxbow lakes. 

63 Aponogeton nalans (L.) Engl. Aponogetonaceae Hyperhydate Occasional in 
&Krause lentic waters. 

64 Ammannia baccifera L, Lythraceae Tenagophyte Occasional in 
.!otic waters. 

65 Potamogeton nodosus Poiret Potamogetonaceae Hyperhydate Rare in lentic 
(Fig. 62) waters. 
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Plate 2 

Explanation of figures 

Fig, 47. shows the plant Hydrilla verticil/ala (L.f.) Royle 

Fig. 48. shows the plant Vallisneria natans (Lour) H. Hara. 

Fig. 49. shows the plant Cyperus iria L. 

Fig. 50. shows the plant Sagittaria guyanensis Kunth 

· Fig. 5 I. shows the plant Monochoria hqstata (L.) Solms 

Fig. 52. shows the plant Paspalum scrobiculatum L. 

Fig. 53. shows the plant Trapa quadrispinosa Roxb. 

Fig. 54. shows the plant Ludwigia adscendens (L.)H. Hara 
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Plate 3 

~xplanation of figures 

Fig. 55. shows the plant'Lasia spinosa (L.) Thwaites 

Fig. 56. shows the plant Callitriche stagnalis Scopoli 

Fig. 57. shows the plant Ceratophyllum demersuni L. 

Fig. 58. shows the plant Utricularia aurea Lour 

Fig. 59. shows the plantNymphaea pubescens Willd. 

Fig. 60. shows the plantAzolla imbricata (Roxb.) Nakai 

Fig. 61. shows the plant Limnophila punctata Blume 

Fig. 62. shows the plant Potamogeton nodosus Poiret 
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Annelids 
Only two species of annelids belonging to two orders and two families were found 

di.Iring the study period (Table 30). 

Table 30 Annelids ofwetlands.ofKTWR and its surroundings. 

Or!ler Family Scientific name Common name ·Status 

Neo- oligochaeta Megascolecidae Phretima posthuma Earthworm Common 

Gnathobdellida Hirudinae Hirudinaria granulosa Indian cattle leech " 
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Arthropods 
Twenty three species of arthropoda (Figs. 63 - 66) belonging to 17 families and 6 

orders were recorded during the present study (Table 31). Of these 2 species belonged 

to decapoda, 6 each to coleoptera, and hemiptera, 3 to odonata, 4 to diptera and 2 to 

plecoptera. 

Table 31 Arthopods of wetlands of KTWR and its surroundings. 

Order Family Scientific name 

Decapoda Potamonidae Paratelphusa sp. (Fig._ 63) 

Plaemonidae Macrobrachium sp. (Fig. 64) .. 
Coleoptera Dytiscidae Dytiscus sp. 

" " Hydatiscus sp. 

" " Cybister sp. 

" " Laccophi/us sp. 

" Hydrophilidae Hydrophilus sp. 

" Amphizoidae Amphizoa sp. 

Hemiptera Nepidae Ranatra sp. (Fig. 65) 

Hemiptera Nepidae Laccotrephes sp. (Fig. 66) 

Hemiptera Hydrometridae Hydrometra sp. 

Hemiptera Corixidae Corixasp. 

Hemiptera Gerridae Gerris sp. 

Hemiptera Notonectidae Notonecta sp. 

Odonata Libellulidiae Sympelrum sp. 

Odonata Gomphidae Progomphus sp. 

Odonata Gomphidae· Octogomphus sp. 

Diptera Chironomidae Chironomous larvae. 

Diptera Culicidae Culex larvae 

Diptera Culicidae Anopheles larvae 

Diptera Tipulidae Tipu/a sp. 

Plecoptera Leuctridae Leuctra sp. 

Plecoptera Perlidae Perla sp. 
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Plate 4 

Explanation of figures 

Fig. 63. shows the arthropod Paratelphusa sp .. 

Fig. 64. shows the arthropod Macrobrachium sp. 

Fig. 65. shows the arthropod Ranatra sp. 

Fig. 66. shows the arthropod Laccotrephes sp. 
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Molluscs 
Altogether 16 species of molluscs (Figs. 67- 76) belonging to 2.classes, 4 orders, 8 

families and 10 genera wei:e identified (Table 32). Among 16 species 12 species were 
' . 

gastropods representing 3 orders, 6 families, 8 genera, and 4 species were bivalves 
. . 

representing 1 order, 2 families and 2 genera (Table 32). Seven species of the total 

species of molluscs were edible and consumed by the local people (Table 33) and 3 

species were harmful (Table 34). Bellamya bengalensis and Lymnaea acuminata were 

found abundantly in the study area. 

Table 32 Molluscs of wetlands of KTWR and its surroundings. 

Class Order Family Scientific name 

Gastropoda Mesogastropoda Pilidae 
I 

Pi/a globosa (Swainson,-1822) (Fig. 67) 

Gastropoda Mesogastropoda Pilidae Pi/a theobaldi (Hanley, 1875). 

GaStropoda Mesogastropoda Thiaridae Brotia costula (Rafinesque, 1833) (Fig. 68) 

Gastropoda Mesogastropoda Thiaridae Thiara puncta/a (Lamark, 1822) (Fig. 69) 

Gastropoda Mesogastropoda Thiaridae Thiara tuberculatd (Mullar, 1774) (Fig. 70) 

Gastropoda Mesogastropoda Thhiridae Thiara granlfera (Lamark,l822) 

Gastropoda Mesogastropoda Viviparidae Be/lamya bengalensis (Lamark,1882) (Fig.71) 

Gastropoda Basommatophora Lymnaeidae Lymnaea /uteo/a (Lamark, 1822) (Fig. 72) 

Gastopoda Basommatoph!Jra Lymnaeidae Lymnaea acuminata (Lamarck, 1822) (Fig. 73) 

Gastropoda Basommatophora Planorbidae Indoplanorbis exustus (Deshayes, 1834) (Fig. 
74) 

Gastropoda Basommatophora Planorbidae Gyraulus convexiusculus (Hutton, 1849) (Fig. 
75) 

Gastropoda Pulmonata Stenogyridae Achatina sp. 

' 
Bivalvia Unionoida Unionidae Lamellidens margina/is (Lamark,l819) (Fig. 
(Pelecypods) 76) 

Bivalvia Unionoida Amblemidae Parrey~iafavidens (Benson, 1862) 
(Pelecypods) 

Bivalvia Unionoida Amblemidae Parreysla caerulea gaudichaudi (Eydoux, 
(Pelecypods) 1838) 

Bivalvia Unionoida Amblemidae Parreysia caeru/ea (Lee, 1831) 
(Pelecypoda) 
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Table 33 Edible molluscs of KTWR and its surroundings. 

S.No. Name of the species Tribes who eat molluscs. 

I Pi/a globosa (Swainson, 1822) (Fig. 67) Ghangad, Batar, Sardar, Malaha etc. 

2 Brotia costula (Rafmesque ,1833) (Fig. 68) Ghangad,Batar,Sardar, Malaha etc. 

3 Be/lamya benga/ensis (Larnarck, l882) Ghangad, Batar, Sardar, Malaha etc. 
(Fig. 71) 

4 Lamel/idens marginalis (Lamarck, 1819) Ghangad,Batar,Sardar, Malaha, Choudhary etc. 
(Fig. 76) . 

5 ParreysiafavidenS (Benson, 1862) Ghangad, Batar, Sardar, Malaha, etc. 

6 Parreysia caerulea gaudichaudi (Eydoux, Ghangad,Batar,Sardar, Malaha, etc. 
1838) 

7 Parreysia caerulea (Lee,l831) Ghangad, Batar, Sardar, Malaha, etc. 

Table 34 Harmful molluscs of KTWR and its surroundings. 

S.No. Name of the species Intermediate host or vector 

I Bellamya bengalensis Pest of seedlings of paddy 
(Larnarck, l882)_ (Fig. 71) 

2 Lymnaea acuminata(Lamarck , 1822) Intermediate host of Liverfluke. 
(Fig. 73) 

3 Achatina sp. Destroy vegetatable and crop pest. 
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Plate 5 

Explanation of figures 

Fig. 67. shows the mollusc Pi/a globosa (Swainson,1822) 

Fig. 68. shows the mollusc Brotia costu/a (Rafinesque, 1833) 

Fig. 69. shows the mollusc Thiara punctata (Lamark, 1822) 

Fig. 70. shows the mollusc Thiard tuberculata (Mullar, 1774) 

Fig. 71. shows the mollusc Bellamya benga/ensis (Lamark, 1882) 

Fig. 72. shows the mollusc Lymnaea luteola (Lamark, 1822) 

Fig. 73 . shows the mollusc Lymnaea acuminata (Lamark, 1822) 

Fig. 74. shows the mollusc Indoplanorbis exustus (Deshayes, 1834) 

Fig. 75. shows the mollusc Gyraulus convexiusculus (Hutton, 1849) 

Fig. 76. shows the mollusc Lamellidens marginalis (Lamark, 1819) 
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FiShes 
Altogether 92 species of fish (Figs. 77- 120) belonging to 54 genera and 25 families 

were identified during the present study (Table 3 S). Thirty seven species belonged to 

cyprinidae family. Forty- three species were common, 32 were occasional, 9 were 

most common and 8 species were fairly common. Similarly, 40 species were abundant 

in winter season, 28 species in rainy and 24 species in summer season. 

Table 35 Fishes of wetlands of KTWR and its surroundings. 

S. N. Family/SCientific name Local name Local status Seasonal abundant 
Family-Cyprinidae 

I. Garra annandalei (Hora) Labare buduna Fairly Common Rainy 
(Fig. 77) 

2 Aspidoparia j(J)(a (Ham) Mara Most common Summer 
(Fig. 78) 

3 Aspidoparia morar (Ham) Herda, Bhegna Most common 
, 

4 Barilius bari/a (Ham) Chabale, Faketa, Common 
, 

Karo 

5 Barilius vagra(Ham) LamFaketa " 
, 

6 Barilius ja/kapoorei Jalkapoot Fairly common Winter 
(Shrestha) (Fig. 79) 

7 BariliuS shacr.a (Ham) Fakate " , 
(Fig. 80) 

8 Barilius barna (Ham) Faktar Common Rainy 

9 Bari/ius bola (Ham) Bhola, Bola 
, , 

10 Barilius bendelisis var Guderi, Fageta, 
, , 

chedra (Ham) (Fig. 81) Jhojho 

.11 Crossocheilus /ati!JS Dhurla, Mate Most common Summer 
(Ham) (Fig. 82) . buduna, Besuro 

12 Rasbora daniconius Dedua, Dhera Common Rainy 
(Ham) 

13 Chela /aubuca (Ham) Chalwa " Winter 

14 Cirrhinus mriga/a (Ham) Jhlke, Naini, common Winter 
Mrigal. 

15 Cirrhinus reba (Ham) R:ewa Common , 

16 Labeo angra (Ham) Thed 
, , 

17 Labeo rohita (Ham) Rohu· " , 

18 Labeo ca/basu (Ham) Kalbilsu, Gerdi, " , 
Basarhili 
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19 Labeo pangusia· (Ham) Tennassa " " 

20 Labeo gonius (Ham) (Fig. Kursa, Gurdi " " 
83) 

21 Labeo coeru/eus (Day) Roi, Bishari Occasional " 

22 Labeo dyochellus (Me Garde, Kalach " .. 
Clelland) 

23 Labeo dero (Ham) Gurdi, Kathalegi " .. 
24 Labeo.boga Thilke .. " 

25 Danio devario(Ham) (Fig. G:hitharipothi .. Summer 
84) 

26 Danio rerio (Ham) Zebra machha Common .. 
27 Pun/ius sophore (Ham) Pothi, Most common Winter 

(Fig. 85) Chaildapothi 

28 Pun/ius ticto (Ham) Poti, Patina, Most common .. 
' 

(Fig. 86) Sidhre 

29 Punt ius titus (Ham) Bhitte , Sidhri: Common .. 
30 Pun/ius conchonius (Ham) Pothi,Sidre Common .. 

.. 

31 Puntius sarana (Ham) Pothi, Kande .. .. 
(Fig. 87) 

32 Osteobrama cotio ((Ham) Gurda Occasional .. 
(Fig. 88) 

33 Oxygcister bacaila (Ham) Darai .. .. 
34 Esomus danricus (Ham) Dhedawa. Common ' Rainy 

(Fig. 89) . 

35 AmblypharyngodoiCS Mada, Dhawai Fairly common .. •.. 
mola(Ham) · 

31i Chagunius chagunio Rewa, Oc.casional .. .. 
(Ham) Patharchatti, 

Kubre 
37 Tor putitora (Ham) (Fig. Sahar,Mahaseer Occasional Winter 

90) 

Family- Cobitidae 

38 Noemachei/us botia Daade goira, Pate Fairly common Summer 
(Ham) (Fig. 91) Gadela, Latta. 

99 Noemachei/us beavani Gardela, Pate Occasional summer 
(Ham) Goira, Kanelani 

40 Lepidocephalichthys Lata, Nakata Common· .. 
guntea (Ham) (Fig. 92) 

41 Bolla /ohachata Getu, Baghe Occasional .. 
(Choudhari) (Fig. 93) 

42 Somi/eples gongota Latai .. .. 
(Ham) (Fig. 94) 

Family- Bagridae 
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43 Mystus bleekeri (Day) Tengra Common Rainy 

44 Mystus tengara (Ham) Tengri " Summer 

45 Mystus cavasius (Ham) Tengra, Junge, Occasional Winter 
(Fig. 95) Palawa 

46 Mystus aor (Ham) (Fig. Kanti " " 
96) 

47 Mystus vittatus (Bloch) Tengra " Rainy 

48 Mystus seenghala (Sykes) Kanti Common " 

49 Rita rita (Ham) Rita, Chona Occasional " 

Family- Sisoridae 

50 Sisor rhabdophorus Bistuiyaa. Occasional Winter 
(Ham) (Fig. 97) 

51 Glyptothorax telchittu Kotel Occasional Rainy 
(Ham) 

52 Glyptothorax cavia (Ham) Kapree " " 

53 Glyptothorax Karsingha. " " 
pectinopterus 
(McClelland) (Fig. 98) 

54 Glyptothorax trilineatus Kabre " " 
(Blyth) (Fig. 99) 

55 Glyptothorax horai Shaw Kabre " " 
and Shebbeare 

56 Gagata cenia (Ham) Tikthigogta, Common " 
Ganfak 

57 Bagarius bagarius (Ham) Gonch Occasional Winter 

Family- Siluridae 

58 Ompok bimaculatus Pabhta Fairly common Winter 

r (B loch) (Fig. 100) 

59 Wallago attu (Schneider) Buhari, Padani " Winter 

Family-Schilbeidae 

60 Eutropichthys vacha Bachwa, Cherki Common Rainy 
(Ham) (Fig. 101) 

6 1 Pseudeutropiils Patasi " " 
atherinoides (Bloch) (Fig. 
102) 

62 Clupisoma garua (Ham) Jalkapur " " 

63 A ilia coila (Ham) (Fig. Patari, Patangu Fairly common Winter 
103) 

Family-
Saccobranchidae 
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64 Heteropneustes fossilis Singhi Common Winter 

(Bloch) (Fig. 104) 

Family-Belontidae 

65 Colisa fasciatus (Bloch Katara, Khesara Common Rainy 
and Schneider) (Fig. 105). 

Family-Channidae 

66 Channa punctatus 
(Iiioch) (Fig. I 06) 

Garahi, Bhoti Most common Winter 

67 Channa striatus (Bloch) Saura Common " 

68 Saura Common " 
Channa maru/ius (Ham) 
(Fig. 107) 

69 Chana gachua (Ham) Chenga, Hile Most common " 

70 Chana stewartii (Play fair) Hile Occasional " 

Family-Belonidae 

71 Kauwo, Sui Most common Rainy 
Xenentodon cancila Chuchebam 
(Ham) (Fig. 108) 

Family-Mastacembelidae 

'12 Macrognathus aculeatus Gainchi Common Summer 
(Bloch) 

73 Mastacembelus pancalus Kathgainchi " " 
(Ham) (Fig. I 09) 

74 Mastacembelus armatus Bam " " 
(Lacepedo) 

Family-Notopteridae 

75 Notopterus notopterus Patara, Golhai, Occasional Winter 
(Pallas) (Fig. IIO) Lepsi 

Family-Gobidae 

76 Glossogobius giuris ·Bulla Common Summer 
(Ham) (Fig. 111) 

Family-Nandidae 

77 Nandus nandus (Ham) Dhala Common Winter 
(Fig. 112) 

78 Badis badis (Ham) Kalomachha Most common Summer 

Family- Cbacidae 

79 Chaco chaca (Ham) (Fig. Pauwa, Kirkire Occasional Summer 
113) 

Family-Ampbipnoidae 
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80 Amphipnous cuchia (Ham) Bam Common Summer 
(Fig. 114) 

Family-Ciaridae 

81 C/arias batrachus Mungri Common Winter 
(Linneus) (Fig. 115) 

Family-Cha~didae 

82 Chanda ranga (Ham) Chanari Common Rainy 
(Fig. 116) 

83 Chanda nama (Ham) (Fig. Nata " .. 
117) 

Family-Ciupeidae 

84 Gudusia godanhiai Sui a. Occasional Rainy 
(Srivastava) 

85 Setipinna phasa (Ham) Phansi, Gankabai " .. 
Family-Ambiycipidae 

86 Amblyceps mangois Pichhi Occasional Summer 
(Ham) 

Family-Cyprinodontidae · 

87 Aplochielus panchax Tikuli Common Rainy 
(Ham) (Fig. 118) 

Family-Anabantidae 

88 Anabas lestudineus Kabai Common Winter 
(Bloch) (Fig. 119) 

Family-Tetrodontidae 

89 Tetraodon culcut/a (Ham) Phokcha Common Summer 
(Fig. 120) 

Family- Psilorhylichidae 

90 Psi/orhynchus Tite Occasional Summer 
pseudecheneis (Menon 
andDutta) 

91 Psilorhynchus sucalio Titai .. .. 
(Ham) 

Family- Anguillidae 

92 Anguilla benga/ensis Rajabam Occasional Winter 
(Gray) 
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Plate 6 

Explanation of figures 

Fig. 77. shows the fish Garra annandalei (Hora) 

Fig. 78. shows the fish Aspidopariajaya (Ham) 

Fig. 79. shows the fish Barilius Jalkapoorei (Shrestha) . 

Fig. 80. shows the fish Barilius shac~a (Ham) 

Fig. 81. shows the fish Barilius bendelisis Varchedra (Ham) 

Fig. 82. shows the fish Crossocheilus latius (Ham) 

Fig. 83. shows the .fish Labeo g~nius (Ham) 

Fig. 84. shows the fish Danio'devario (Ham) 

Fig. 85. shows the fish Punt/us sophore (Ham) 

Fig. 86. shows the·fish Puntius ticto (Ham) 

Fig. 87. shows the fish Puntius sarana (Ham) 

Fig. 88. shows the fish Osteobrama cotio (Ham) 
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Plate 7 

Explanation of figures 

Fig. 89. shows the fish Esomus danricus (Ham) 

Fig. 90. shows the fish Tor putitora (Ham) 

Fig. 91. shows the fish Noemacheilus botia (Ham) 

Fig. 92. shows the fish Lepidocephalichthys guntea (Ham) 

Fig. 93. shows the fish Botia lohachata (Choudhari) 

Fig. 94. shows the fish Somileptes gongota (Ham) 

Fig. 95. shows the fish Mystus cavasius (Ham) 

Fig. 96. shows the fish Mystus oar (Ham) 

Fig. 97. shows the fish Sisor rha,bdophorus (Ham) 

Fig. 98. shows the fish Glyptothorax pectinopterus (Ham) 

Fig. 99. shows the fish Glyptothorax trilineatus (Blyth) 

Fig. 100. shows the ·fish Ompok bimaculatus (Bloch) 
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Pl;tte 8 

Explanation of fignres 

Fig: 101. shows the fish Eutropichthys vacha (Ham) 

Fig. 102. shows the fish Pseudeutropius atherinoides (Bloch) 

Fig. 103. shows the.fishAilia coila (Ham) 
. . . 

Fig. 104. shows the fish Heteropneustesfossilis (Bloch) 

Fig. 105. shows the fish ColisafasciatUs (Bloch and Schneider) 

Fig. 106. shows the·fish Channapunctatus (Bloch) 

Fig. 107. shows the fish Channa marulius ((Ham) 

Fig. 108. shows the fish Xenentodon cancila (Ham) 

Fig. 109. shows the fish Mastacembelus pancalus (Ham) 

Fig. II 0. shows the fish Notopterus notopterus (Pallas) 

Fig. 111. shows the fish Glossogo~ius giuris (Ham) 

Fig. 112. shows the fish Nandzis nandus (Ham) 
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Plate 9 

Expla~ation of figures 

Fig. 113. shows the fish Chaco chaco (Ham) 

Fig. 114. shows the fish Amphipnous cuchia (Ham) 

Fig. 115. shows the fish Clarias batrachus (Linneus) 

Fig. 116. shows the fish Chanda ranga (Ham) 

Fig. 117. shows the fish Chanda nama (Ham) 

Fig. 118. shows the.fish Aplochielus panchax (Ham) 

Fig. 119. shows the fish Anabas testudineus (Bloch) 

Fig. 120. shows the fish Tetraodon cutcutia (Ham) 
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Herpetofauna 
The present study recorded altogether 23 species of herpetof~una (Figs.121-126) 

belonging to 19 genera and 13 families. Of these 8 species belonging to 6 genera arid 

3 families were amphibians, and 15 species belonging to 13 genera and 10 families 

were reptiles. Among the amphibians, 4 species were found commonly during the 

whole study period and 4 species were rarely found (Table 36). Five species 

belonging to the ranidae family was observed .. However, one of them was rarely 

found which was Sphaerotheca breviceps. But the family rhacophoridae and 

bufonidae included all rarely found species. 

Among the reptiles, S species were commonly found during the whole study period, 4 

species were rarely found and 6 species were very rarely found (Table 36). Naja naja 

and Python molurus molurus were found very rarely in the wetlands ofKoshi Tappu· 

Wildlife ReserVe area as reported by the local people. Similarly, the presence of 

Crocodylus palustris, Gavialis gangeticus, Varanus bengalensis and Varanus 

flavescens, were v~ry rarely found in this area, according to the same, people. 
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Table 36 Herpetofauna of wetlands of KTWR and its surroundings. 

Scientific name Common Local name Local 

Family 
name status 

Rahidae Hoplobatrachus crassus Jerdon's bull Sandhe bhyaguto Commonly 
(J erdon, 1853) frog found 

Rapidae Hoplobatrachus tigeTinus Indian bull frog Singare baghe .. 
· (Daudin, 1802) bhyaguto 

Rahidae Euphlyct/s cyanophlyctis Skittering frog Ahale bhyaguto . .. 
(Schneider, 1799i(Fig, 121) 

Ranidae Eimnonectes teraiensis · Terai cricket Madhese kithre " 
(Dubois, 1984) frog bhvamto. 

Ranidae Sphaerotheca breviceps Indian Bharati Khopilte Rarely 
(Schneider, 1799) (Fig. 122) burrowing 'bhyaguto. found . 

frog. 
Rhacophoridae Polypedates taenia/us Terai tree frog Madhese singare .. 

(Boulenger, 1906) rukh bhvaguto 
Bufonidae Bufo melanoslictus Common Asian Khasre bhyaguto .. 

· (Schneider, 1799) (Fig. 123) toad 
Bufonidae Bufo stomat/cus (Lutken, Marbled toad Khasre bhyguto .. 

1862) (Fig. 124) 
Agamidae Ca/otes versicolor Common · Bagaiche Commonly 

(Daudin,1802) garden lizard chbeparo found 
Varanidae Varanus bengalens/s Bengal monitor Bhaise gohoro Very rarely 

(Daudip, 1802) found . 
Varanidae Varanus jlavescens ( Yellow Sungohoro " 

Hardwicke and Gray', 1827) monitor 
Colubridae Xenochrophis pis~ator . Checkered keel Kothe dhodia Commonly 

(Schneider, 1799) backwater sarpa found 
snake 

Colubridae Amphiesma stolatum Buff-striped Harara sarpa .. 
(Linnaeus,l758) keelback 

Elapidae . BungarusfasC/atus Banded krait Pate gana guwali .. 
· (Schneider, 1801) saroa 

Elapidae Bungarus caeru/eus Common Karet .. 
. (Schneider,l801) Indian krait 

Elapidae Naja naja (Linnaeus,l758) Spectacled Go man Very rarely 
cobra found 

Boidae Python molurus molw'us Asiatic rock Ajingar. .. 
cLinnaeus,l758) python 

Testudinidae lndotestudo e/ongata (Blyth Elongated Kubadi kachbuwa Rarely 
• 1853) tortoise found 

Gavialidae Gavialis gangeticus Gharial Lamo thutune Very rarely 
(Gmelin, 1789) go hi. found 

Crocodylidae Crocodylus palustris Mugger Magar gohi .. 
' 

(Lesson,l831) . crocodile 
Trionychidae Aspideretes hurum Indian Naram khabate Rarely 

(Gray,l831) (Fig. 125) peacock soft kachbuwa found 
· shell turtle 

Trionychidae Lissemys punctata Indian flapshell Putali kachbuwa .. 
(Webb,l98Q)_(Fig. 126) turtle 

Bataguridae Pangshura jlaviventer . Yellow-bellied Pahelo bhude " 
· (Gunther,l864) tent turtle. dhuri kachbuwa 
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Plate 10 

Explanation· of figures 

Fig. 121.shows the frog Euphlyctis cyanophlyctis (Schneider,l799) 

Fig.122. shows the frogSphaerotheca breviceps (Schneider,1799) 

Fig.l23. shows the toad Bufo melanostictus (Schneider,l799) 

Fig. 124. shows the .toad Bufo sto~aticus (Lutken; 1862) 

Fig.l25. shows the turtle Aspideretes hurum (Gray, 1831) 

Fig. 126. shows the turtle Lissemys punctata(Webb,!980) 
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Aves: 
A total of 100 species of water birds (Figs.127-134) belongirig to 61 genera and 19 

families were recorded (Table 3 7). It consisted 45 winter visitors, 4 summer visitors, 

15 occasional visitors and 36 residents. The resident birds were observed throughout 

the year . 

. Table 37 Aves of wetlands ofKTWR and its surroundings. 

S.No. Family I Scientific name Common name Local status 
Familv-Anatidae 

I Anas crecca (Linnaeus) Common· Teal Winter visitor 
2 An as acuta (Linnaeus) Pintail " 
3 Anas penelope (Linnaeus) Eurasian Wigeon " 
4 Anas platyrhynchos (Linnaeus) Mallard " 

5 Anas poecilorhyncha Spot billed Duck " 
(Linnaeus) 

6 An as strepera (Linnaeus) Gadwall " 
7 Anasfalcata (Georgi) Falcated Teal " 
8 Anas querquedula 0 innaeus) Garganey " 
9 Anas c/ypeata (Linnaeus) Shoveler " 
10 Sarkidiornis inelanotos (Pennat) Comb Duck Resident 
II Dendrocygnajavanica Lesser whistling Teal (Fig. 127) " 

(Horsfield) (Fig. 127) 
12 Nettapus coromandelianus Cotton Teal (Fig. 128) " 

(Gmelin) (Fig. 128) 
13 Anser indicus (Latham) Bar headed Goose " 
14 Anser anser (Linnaeus} Greylag Goose " 
15 Tadorna tadorna (Linnaeus) Common Shelduck (Eurasian Occasional 

Shelduc!Q_ 
16 Tadornaferruginea (Pallas) Ruddy Shelduck (Braluniny Duck) Winter visitor 

(Fig. 129) (Fig. 129) . 
17 Clangula hyemalis (Linnaeus) Long tailed Duck Occasional 
18 Aythyaferina (Linnaeus) Common Pochard Winter visitor 

Avtlwa baeri (Radde)_ Baer's p2chrd or Eastern White eye " 
19 Aythya nyroca (Guldenstadt) White-eyed Pochards (Ferruginous " 

duck) 
20 Aythyafuligula (Linnaeus) Tuft Pochard " 
21 Netta rufina (Pallas) Red crested Pochard " 
22 Mer gus merganser (Linnaeus) Common Merganser or Goosander " 

23' Mergus albellus (Linnaeus) ·Smew Occasional 
Family- Podicipedidae 

24 Podiceps ruticollis Pallas) Little Grebe Common 
25 Podiceps cristatus innaeus) Great-Crested Grebe Winter visitor 
26 Podiceps caspicus Brehm) Black-necked Grebe " 

Familv-Ciconiidae 
27 Xenorhynchus asiaticus Blacked-necked Stork Resident 

(Lethlillt)' 
28 Leptoptilos Javanicus Lesser Adjutant Stork (Fig. 130) " 

cHorsfield) (Fig. 130) 
29 Ciconia nigra (Linnaeus) Black Stork Winter visitor 
30 Ciconia episcopus (Boddaert) White- necked Stork(Woolly . Resident 
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necked Stork) 
31 Anastomus oscitans (Boddaert) Open-billed Stork (Fig. 13 I) .. 

(Fig. 131) 
Family-Laridae 

32 Larus brunnicephalus (Jerdon) Brown headed Gull Winter visitor 
33 Larus ichthyaetus (Pallas) Great Black-headed Gull .. 
34 Sterna acuticauda (Gray) Black-bellied Tern Resident 
35 Sterna aurantia (J.E. Gray) River Tern .. 
36 Sterna a/bifrons (Pallas) Little Tern Summer visitor 
37 Sterna hirundo (Linnaeus) Common Tern Winter visitor 
38 Chlidonias hybrida (Pallasl Whiskered Tern .. 

Family-Ardeidae 
39 Egretta garzetta (Linnaeus) Little egret Resident 
40 Egretta intermedia (Wagler) Intermediate Egret .. 
41 Egret/a alba (Linnaeus) Large Egret .. 
42 Bul:rulcJ.lS ibis.(Linnaeus) Cattle Egret .. 
43 Nycticorax nycticorax Night Heron .. 

. (Linnaeus) 
44 Ardeola grayii (Sykes) Pond Heron " 
45 Ardeapurpurea(Lll1naeus) Purple Heron .. 
46 Ardea cinerea (Lll1naeus) (Fig. Grey Heron (Fig. 132) .. 

132) 
47 lxobrychus cinnamomeus Chestnut Bitt em Summer visitor 

(Gmelin) 
Family- Rallidae 

48 Gallinula chloropus(Linnaeus) Indian Gallinule (Indian Morehen) Winter visitor 
49 Porphyria porphyria (Linnaeus) Purple Gallinule or Purple .. 

Moorehen 
50 Fulica atra (Lll1naeus) Coot " 
51 Amaurornis phoenicurus White breasted Waterhen Resident 

(Pennant) . 
52 Rallus aauaticus. (Blyth)_ Water Rail Winter visitor 

Family-T breskiornithidae 
53 Threskiornis melanocepha/a White Ibis Resident 

(Letham) 
54 Pseudibis papillosa Black Ibis .. 

(Temminck} 
55 Plegadis fa/cine/Ius (Linnaeus) Glossy Ibis Occasional 
56 Platalea leucorodia (Linnaeus) Eurasian Spoonbill Winter visitor 

Family-Pbalacrocoracidae 
57 Pha/acrocorax niger (Vieillot) Little Cormorant Resident 
58 Phalacrocorax carbo Large Cormorant (Fig. 133) Winter visitor 

(Linnaeus) (Fig. 133) 
59 Anhinga rufa (Daudan) Darter Resident 

Family-Pelecanidae 
60 Pelicanus philippensis (Gmelin) Spot-billed Pelican Occasional 

Family-Jacanidae 
61 Metopidius indicus (Latham) Bronze-winged Jacana Resident 
62 Hydrophasianus chirurgus Pheasant-tailed Jacana Summer visitor 

(Sc~oli) 

Family-Cbaradriidae 
63 Tringa tetanus (Linnaeus) Common Redshank Winter visitor 
64 TrinRa ochropus (Linnaeus) Green Sandpiper .. 
65 Tringa Stagnatilis (Bechstein) Marsh Sandpiper Occasional 
66 Numenius arquata (Linnaeus) Curlew .. 
67 Calidris a/pinus (Linnaeusl Dun lin Winter visitor 
68 Calidris temminckii (Leisler) Temminck's Stint .. 
69 Calidris minuta (Leisler}_ Little Stint .. 
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70 Philomachus pugnax _ Ruff and Reeve Occasional 
(LinnaeuS) 

71 Gallinazo zallinazo (Linnaeus) Common Snipe Winter visitor 
72 Pluvialis sauatarola (Linnaeus) Grey Plover Occasional 
73 Pluvialis dominica Pacific Golden Plover Winter visitor 

(P,L.S.Muller) 
74 Charadrius alexandrinus Keritish Plover (Snowy plover) .. 

(Linnaeus) 
75 Charadr/us dub/us (Scopoli)_ Little rin_g_ed Plover .. 
76 Vanel/us cinereus (Blyth) Grey-headed Lapwing .. 
77 Vanellus vane/Ius (Linnaeus) Eurasian Lapwing or Northern Winter visitor 

Lapwing 
78 Vane/Ius indicus (Boddaert) Red wattled Lapwing .. 

Familv-Recurvirostridae 
79 Recurvirostra avosella Avocet OccaSional 

(Linnaeus_l 
Family-Burhinidae 

80 Esacus maznirostris (Vieillot) Great Thick Knee or Stone Plover Resident 
81 Burhinus oedicnemus Eurasian Thick Knee (Stone .. 

CLiimaeus) Curlew) 
Family-Pelecanidae 

82 Pelecanus philippensis Spot· billed Pelican Occasional 
(Gmelin) 
Family-Glareolidae 

83 Glareola lactea (Temminck) . Small Pratincole Summer visitor 
84 Cursor/us coromandelicus Indian Courser Occasional· 

(Gmelin) 
Family-Grnidae 

85 Grus grus (Linnaeus) Common Crane Occasional 
86 Grus antigone (l inneaus) Sarus ·Crane .. 
87 Anthrovoides .virzo (l innaeus) Demoiselle Crane .. 

Family-Aicedinidae 
88 Ceryle rudis {Linnaeus) Small Pied Kingfisher Resident 
89 Ceryle lugubris (Temminck) Large Pied Kingfisher or Crested .. 

Kin@sher 
90 Alcedo meninting (Horsfield) Blue eared Kingfisher .. 
91 Alcedo at/his (Linnaeus) Eurasian Kingfisher .. 
92 Halcyon coromanda (Letham) Ruddy Kingfisher .. 
93' Halcyon smyrnensis (Linnaeus) · White breasted Kingfisher (Fig. .. 

(Fig. 134) 134) 
94 Pelargopsis capensis Stork-billed Kingfisher .. 

(Linnaeus) 
Family-Rostratulidae . 

95 Rostratula benghalensis Painted Snipe Resident 
(Linnaeus) 
Familv-Motacillidae 

96 Anthus svinoletta (l innaeus) Water Pipit Winter visitor 
97 .Motacilla tlRYa(Linnaeus Yellow Wagtail .. 
98 Motacil/a alba (Linnaeus Pied Wagtail(White Wagtail) .. 
99 Motacil/a citreola (Pallas Yellow-headed Wagtail .. 
100 Motacil/a maderaspatensis Large Pied Wagtail Resident 

(Gmelin) 
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Plate 11 

E~planation .of figures 

Fig. 127. shows a flock of flying Lesser Whistling Teal (Dendrocygna 
· javanica) 

Fig.l28. shows a flock of swimming Cotton Teal (Nettapus 
Coromandelianus) · 

Fig.l29. shows a Brahminy Duck (Tadornaferruginea) 

Fig.l30. shows a Lesser Adjutant Stork (Leptoptilos Javanicus) 

Fig.l31. shows a flying Open-billed Stork (Anastomus oscitans) 

Fig.l32. shows a Gray Herone (Ardea cinerea) at marshy land. 

Fig.l33. shows a flock of Large Cormrant (Phalacrocorax carbo) 

Fig. 134. shows a White breasted Kingfisher (Halcyon smyrnensis) 
' 





Mammals 
Altogether 21 species of mammals belonging to 19 genera and 13 families were fmmd 

during the study. period. Among these 3 occurred commonly, II rarely and 7 

occasionally at local level (Table 3 8). 

Table 38 Mammals of KTWR and its surroundings. 

Family Scientific Name Common name Local status 

Bovidae Bubalus bubalis Wild Water Buffalo Commonly found 
(Linnaeus) 

Platanistidae Platanista gangetica. Gangetic Dolphin Rarely found 
(Roxburclil 

Pteropodidae Pteropus giganteus 
(Brunnich) 

Indian Flying Fox Commonly found 

Cercopithecidae Macaca mulatta Rhesus Macaque CQnimQnly fQund 
(Zinunermann) 

Cercopithecidae Semnopithecus entel/us Hanuman Langur Rarely fmihd 
(Dufrense) 

Sciuridae Ratufa bicolor Black Giant Squirrel Occasionally found 
(Sparrman) 

Sciuridae Funambulus pa/marum Three striped Palm Rarely found 
(Linnaeus) Squirrel 

Sciuridae Funambulus pennantii Five striped Palm Rafely found 
(Wroughton)- Squirrel 

Cervidae Axix axix (Erxleben) Spotted Deer Rarely found 
Cervidae Axis porcinus Hog Deer Rarely found · 

(Zimmermann) 
Cervidae Muntiacus muntjak Barking Deer Rarely found 

(Zinunermann) 
Mustelidae Lutra /utra (Hodgson) Common Otter Occasionally found 

(Eurasian Otter) 
Milstelidae Lutrogale perspicillata Smooth coated Otter Occasionally found 

(Geoffery) 
Felidae Felis chaus Jungale Cat Rarely found 

(Gudenstaedt) 
Felidae Prionailurus viverrinus Fishing Cat Occasionally found 

(Bennett) 
Elephantidae Elepha9 maximus Asiatic Elephant Occasionally found 

(Linnaeus) 
Canidae Canis aureus (Linnaeus) Golden Jackel Occasionally found 
Canidae Vulpes bengal ens is· Indian Fox OccaSionally found 

(Shaw) 
Suidae Sus scrofa (Wagner) Wild Boar Rarely found 
Leporidae Lepus nigrico/lis Indian Hare Rarely found . - " .(Cuviers) 
Herpestidae · · Herpestes edwardsii Indian Grey Mongoose Rarely found 

.(Geoffery) 
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.DISCUSSION 



The highest air temperature was recorded in the month of May at all the, sites (Tables 

2, 3, 6, 8, 9, 11 and 12) except at Site 2 which had highest air temperature in the 

month of August of the first year study period (Table 5). When data on monthly air 

temperature of the whole study period (July 2002 - June 2004) were pooled in 

seasonal values, the rainy season showed highest air temperature at all the sites (Table 

I 8). Because gradual increase in air temperature was noticed during summer months 

(February, March, April and June). The summer temperature (30.04 "C) was· 

moderate in this region due to its geographic condition. Air temperature showed 

positive and significant correlation with water temperature at all the sites (Tables 4, 7, 

10 and 13). Chakaraboty et al. (1959), Kant and Anand (1978) and Rawat et al. 

(1995) also obtained strong positive significant correlation between air and water 

temperatures. The. air temperatqre showed significant difference among sites at 5 % 

significance level and significant difference among seasons at 1 % significance level 

(Table 19). 

Gem;rally, water temperature is influenced by air temperature and intensity of solar 

radiation. It was highest in summer at all the sites and lowest in winter (Table 18). 

Highest value was recorded in summer might be due to high air temperature and greater · 

light penetration. Though the high air temperature appeared in rainy season, a little 

lower water temperature was recorded at that time in comparison to that during 

summer. It might be due to high turbidity, high volume of water and greater velocity of 

water in rainy season. The water . temperature showed positive and significant 

correlation with free carbon dioxide and biological oxygen demand at all the sites but 

had inverse and significant correlation with transparency, pH , dissolved oxygen, total 

alkalinity and total hardness at all the sites. Bose and Gorai (1993) reported negative 

significant correlation between water temperature and dissolved oxygen. Welch (1952) 

and Munawar (1970) have observed that shallower the water body more quickly it 

reacts to the change in the temperature. The water temperature was insignificantly 

different among sites but significantly different among seasons at 1 %. significance 

level (Table 20). 

The maximum secchi disc transparency was recorded in winter followed by summer 

and rainy seasons at all the sites (Table 18). The maximum trarisparency was in winter 

due to lesser amount of suspe~ded organic and inorganic materials and absence of 
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rain. Transparency is influenced mainly by suspended organic matter (Green, 1974). 

Higher transparency during winter months was recorded by Singh (1990), Rawat et 

a/ . . (1995), and Misbra et a/. (1999). In this study minimum .transparency was 

recorded in the. rainy season may be due to more sand particles and colloidal soil 

carried by the ram: water. Similar tre~ds were observed by Singh (1995), Rawat eta/. 

(1995), and Mishra et a/. (1998). The transparency of water was insignificantly 

different among sites and seasons at 5 % significant level (Table 21 ). 

The maximum. pH of present study was in winter season followed by rainy and 

summer seasons at all the sites (Table i 8). The maxil1'1:um pH in winter season may be 

attributed to algal blooms because Hutchinson et a/. (1929) and Roy (1955) have 

shown that the higher pH is associated with the phytoplankton maxima. The minimum 

pH recorded in summer may be due to low photosynthesis. Several workers have 

reported low pH during the low photosynthesis due to the formation of carbonic acid· 

(Hannan and Yong, 1974; Cabecadas and Brogueira,1987; Bais et a/., 1995). But 

Gautam (1990) reported highest pH in summer and lowest in rainy season. The pH 

showed positive and significant correlation with dissolved oxygen at all the sites. It 

had positive and significant correlation with total alkalinity at Site I and Site 2 but 

had positive correlation with those of Site 3 and Site 4. It was inverse and 

significantly correlated with free carbon dioxide and biological oxygen demand at all 

the sites (Tables 4, 7, 10 and 13). Rawat eta/. (1995) reported positive correlation 

with total alkalinity (r = 0.523, P < 0. 05) and inverse correlation with water 

temperature. The pH sh9wed significant difference among seasons at 1 % significance 

level (Table 22). 

The dissolved oxygen ofthesh!dy sites varied between 5.11 .±.0.223 mg/L and 11.3 

.±.0.258 mg/L during the study period. It was recorded minimum in the month of May 

of the second year study period at Site 3 (Table 9) and maximum in the month of 

January of the second year study period at Site 1 (Table 3). The maximum dissolved 

oxygen was recorded in winter season followed by rainy and summer seasons at all 

the sites except at· Site 1 because at this site it was maximum in winter season 

followed by summer and rainy seasons (Table 18). The maximum dissolved oxygen 

found in winter season may be due to low temperature. Similar observations were 

made by Moitra and Bhattacharya (1965). The minimum dissolved oxygen was found 
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in summer due to high temperature, and higher microbial demand for oxygen m 
decomposition of suspended organic matter (Bhowmick and Singh, 1985; Palharya , 
and Malvia, 1988). Elmore (1961) stated that an increase in temperature of water 

resulted in the decrease of dissolved oxygen content of water. Dissolved oxygen 

content showed positive and significant correlation with total alkalinity and. total 

hardness at all the sites. It was positively correlated with chlmjde at Site 1 and Site 4 

and positively and· significantly correlated with chloride at Site 2 and Site 3. It showed 

inverse and significant correlation with water temperature, free carboiJ. dioxide and 

biological oxygen demand at all the sites. Bose and Gorai (1993) also reported inverse 

and significant correlation of dissolved oxygen with water temperature.. Jindal and 

Kumar (1993) reported inverse correlation of dissolved oxygen with water 

temperature. According to McColl (1972) the relation between water temperature and 

dissolved oxygen is not so significant because the production and .consumption of 

oxygen takes place simultaneously. The dissolved oxygen was recorded significantly 

different among sites and seasons at I % significance level (Table 23). 

The maximum free carbon dioxide was recorded in summer season followed by rainy 

and winter season at Site 2, Site 3 and Site 4 but at Site 1, it was maximum in rainy 

season followed by summer and winter seasons (Table 18). The maximum free carbon 

dioxide was recorded in summer, it may be due to high temperature, high rate of 

decomposition of organic matter, low volume of water etc. Michael (1969) stated that 

the concentration of carbon dioxide is directly correlated with the amount and nature 

of biological activity in water. In this study the minimum free .carbon dioxide was 

found in winter season. Pahwa and Mehrotra (1966); Ray et al. (1966); Gautlim 

(1990), and Pandey and Lal (1995) also found minimum free carbon dioxide in winter 

season. 

Free carbon dioxide of water showed positive and significant correlation with water 

temperature and biological oxygen demand, and inverse and significant correlati~n 

with dissolved oxygen at all the sites (Tables 4, 7, 10 and 13). Pahwa and Mehrotra 

(I 966) observed inverse correlation of free C02 with dissolved oxygen. The free C02 

showed significant difference among the sites and the seasons at 1 % significance 

level (Table 24 ). 
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1'4e total alkalinity was found maximum in the month of January at all the sites. It 

was found maximum 125.59 .±1.138 mg/L at.Site 3 in the first year study period (Table 

8). Seasonally themaximum·total alkalinity was found in winter season followed by 

summer and rainy seasons at all the sites (Table 18). It was found maximum in ~ter 

season due to high PH. Chakraborty et al. (1959), Singh (1990) and Mishra et al. 

(1998) also reported maximum total alkalinity during winter. Water bodies having 

total alkalinity from 40 to 90 mg/L is considered as medium productive and above 90 

mg/L as highly productive (Jhingran, 1991). This investigation showed that the study 

area is suitable for aquatic production. Total alkalinity showed positive and significant 

correlation with to.tal hardness ll;lld chloride at all the sites. Barat and Jha, (2002) also 

reported positive and significant correlation of total alkalinity with hardness. The total 

alkalinity was significantly different among sites at 5 % significance level and 

significantly different among seasons at 1 % significance level (Table 25). . ., 

The maximum total hardness .of water was 83.45 ±0.584 mgiL at Site 4 (Table 12) in 

the month of March of the second year study period and minimum 27.63 ±0.679 mg/L 

in the month of July of the first year study period at Site 1 (Table 2). The maximum 

total hardness was in winter season followed by summer and rainy seasons at all the. 

sites (Table 18). The maximum total hardness in winter season might be due to low 

volume of water and slow current of water. Similar results were obtained by Misra et 

a/. (1999). MinimUin quantity ih rainy season may be due to more dilution of water 

(Patralekh, 1994). Ruttner (1953) also recorded similar relationship. It showed 

positive and significant correlation With total alkalinity at all the sites. The total 

hardness was recorded significantly different among seasons and sites at 1 % 

significance level (Table 26). 

The chloride content of water of the study sites varied between 7.25 ±. 0.216 mg/L 

and 18.73 .:!:0.205 mgiL during the study period. The minimum chloride was recorded 

in September of the fust year study period at Site 1 (Table 2) and maximum in. 

December of the first year study period at Site 2 (Table 5). Seasonally th.e maximum 

chloride content was recorded h) summer followed by winter and rainy seasons at Site 

1 and Site 4 but at Site 2 and Site 3 maximum was in winter followed by summer and 

rainy seasons (Table 18). The maximum quantity of chloride recorded at Site 1 and 

Site 4 in summer season may be due to low volume of water, high temperature and 
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high rate of decomposition of organic matters. Chloride concentration indicates the 

presence of organic waste of animal origin (Thresh et al., 1949). Mwiawar (1970) has 

suggested that higher concentration of chloride in water is an index of pollution of 

apimal origin and there is a direct relation between chloride concentration and 
' 

pollution level. 

Ganapati (1941, 1943), and Swarup and Singh (1979) also reported an increase in 

chloride during summer. Minimum quantity of chloride recorded in rainy season 

might be due to dilution by rain water. But at Site 2 and Site 3 maximinn chloride was 

recorded in winter season which might be due to more contamination by organic 

matters. Klein (1957) pointed out a direct relationship between amount of chloride 

and level of pollution. Chloride showed positive and significant correlaton with total 

alkalinity at all the sites. The chloride content was significantly different among sites 

at 1 % significance level (Table 27). 

The BOD of water of the study sites varied between 0.65 ±0.039 mg!L and 2.36 

±d.082 mg!L during the study period. It was maximum in the month of May of the 

second year study period at Site 4 (Table 12) and minimum in the month of January of 

the second year study period at Site 1 (Table 3). The maximum BOD was recorded in 

summer followed by rainy and winter seasons at all the sites (Table 18). The 

maximum BOD obtained in summer may be due to low volume of water and high 

content of organic matter whereas minimum obtained in winter may be due to low 

temperature and retarded microbial activity for the decomposition of organic matters. 

Similar observations were also made by Singh (1995). Ray and Devid (1966) opined 

that high BOD value indicates organic waste pollution. · 

BOD showed positive and significant correlation with air temperature, water 

temperature and free · C02 and inverse and significant correlation with pH and 

dissolved oxygen at all the sites (Table 4, 7, 10 and 13). Ray and David (1966), and 

Barat and Jha (2002) also reported inverse correlation of BOD with'dissolved oxygen. 

The BOD was recorded significantly different among seasons at 1 % significance 

level (Table 28). 
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Macrophytes are the main components of aquatic ecosystem as they form the 

important habitat for amphibians, reptiles, fishes, molluscs, waterfowls etc. In recent 

years macrophytes have been considered suitable for both secondary and tertiary 

treatments of water bodies and thus provide a cheap and relatively simple alternative. 

Aquatic plants cari absorb significant amount of nutrients and other elements. directly 

either through root or entire plant surface. Boyd (1970) and Steward (1970) 

demonstrated the nutrient removal by aquatic plants. Surface weeds like water 

hyacinth have been shown to have a great potential for treating waste water. Vascular 

macrophytes are involved in the biogeochemical cycling of both nutrient and non 

essential elements in many aquatic ecosystems. 

The total recorded aquatic macrophytes of Nepal are 240 species belonging to 124 

genera and 58 families (Shrestha, 1999). During the study period, 65 species 

belonging to 53 genera and 32 families were recorded in the Koshi Tappu Wildlife 

Reseve and its surroundings which represent 27.08%, 42.74% and 55.17% of total 

aquatic plants of Nepal in terms of species, genera and family respectively. It was 

observed that Typha angustifolia; Eichhornia crassipes, Nelumbo nucifera, 

Alternanthera philoxeroides, Phragmites karka, Saccharum spontaneum are the 

dominant plant species in this study area. 

Exotic weeds Alternanthera philoxeroids and Eichhornia crassipes were found in 

abundance in some areas in the wetlands. The growth rate and spread of the exotic 

weeds need to be monitored regularly. Local people are also using the aquatic 

macrophytes for different purposes. If these trends continue at the current rate the 

aquatic macrophytes will decrease in near future and that will ultimately affect the 

abundance of insects, molluscs, fishes, amphibians, reptiles and manunals of this area. 

The annelids are important for maintaining the healthier ecosystem. Two species of 

annelids were identified from the study area. 

. The aquatic arthropods constitute an important part of biota of freshwater 

communities. They are of great economic importance both as nattiral food for fish and 

as indicator for identifying ecological characteristic of streams. Some beetles and 

bugs also act as scavengers in keeping the water fresh by removing decayed leaves 
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and other materials. The present study recorded 23 species of aquatic arthropods. 

Mainly Chironomous larvae, Culex larvae, Anopheles larvae, Hydrometra sp., Gerris . 

sp. and Macrobrachium sp. were abundant in the study area. 

Molluscs, in general, have been of interest to mankind due to their commercial, 

nutritive, aesthetic and pathological importance since long time. Diverse species of 

molluscs make their habitat in the wetlands. Suitable temperature, higher dissolved 

oxygen and thick macrophytes are the necessary conditions· for the abundance of 

molluscs. The study area is a sUitable habitat for the molluscs due to rich diversity of 

aquatic macrophytes. 

Thick vegetation of Ceratophylum, Eichhornia, Hydrilla and Potamegeton provide 

food, shelter and protection to the gastropods. Higher levels of calcium, bicarbonate, 

total hardness of water and exchangeable calcium and bicarbonate of soil also directly 
' 

and indirectly are responsible for the shell formation of gastropods. Dudani et al. 

(1988) confirmed the abundance of gastropods due to aquatic vegetation and higher 

·levels of some physico- chemical characteristics of water. 

The present study reported 16 species of molluscs from the wetlands ofKoshi Tappu 

area. Many local people depend on the molluscs due to the poor ·economic status, 

unemployment and traditional food habit (Table 33). They collect molluscs day by 

day and sell in the market. These practices definitely reduce the diversity and 

abhndance of mollusc species. Besides human beings, many waterfowls also consume 

molluscs. So, the sustainable use of molluscs is essential. 

Some harmful molluscs were also recorded in the study area, among them the land 

mollusc Achatina is most serious pest of crops, vegetables and marshy plants (Table 

34). 

Subba. (2003) reported ten species of molluscs from Ghdaghodi Tal area, Nepal. 

Subba and Ghosh (2000) reported 25 species of molluscs from nine districts of 

Eastern Nepal. 

The wetlands of Koshi Tappu wildlife Reserve and its surrounding areas are rich in 

fish diversity. Altogether 92 species of fish belonging to 54 genera and 25 families 
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were recorded from this area: A total of 179 species of fishes belonging to 30 families 

have been reported from Nepal (Shrestha, 1994). The study area.represents 51.39% 

anr;l 83.33% of total fishes of Nepal in terms of species and family respectively. 

Among the collected species, 9 species (Aspidoparia jaya, Aspidoparla morar, 

Crossocheilus latius, Puntius sophore, Puntius ticto, Channa puncta/us, Chana 

gachua, Xenentodon cancila, Badis badis) ( Table 35) were found most commonly 

throughout the year. Badis badis is an omarnental fish. It has export value. 

(Edds, 1986) reported 113 species of fishes belonging to 10 orders and 23 families 

from Royal Chitwan National Park. Jha and Shrestha (1986) reported 57 species of 

fishes from the Karnali river, w~stem Nepal. Bhatta and Shrestha (1973) observed 27 

species of fishes from the Mahakali river. The study area is rich in fish diversity 

because it includes the Koshi river and various types of wetlands. The Koshi river 

originates from the Himalayan region and passes to the India from the Terai regions 

ofNepal. So, it. consist Hill stream fishes and Terai fishes. 

Menon (1949) recorded 52 species ·of fish from Koshi river. Afterwards he added 69 

more fishes in his previous list (Menon, 1962). Shrestha (1980) (cited in Shrestha, 

1990) recorded 108 fish species from Koshi river. The present study recorded 92 

species belonging to 25 families of fish from the reserve and its surroundings. This 

clearly indicated that diversity of fish species has decreased recently. This might be 

due to over fishing by the hindless fishermen of this area as they are dependent on 

fishing in Koshi river, oxbow lakes, seepage stream and marshes. The fishermen fish 

in groups of 10-12 people with cast nets, mesh nets and sometimes with gill nets 

(Suwal, 1994). They also use poison for fishing in wetland areas. They use other 

indigenous fishing devices such as bausi, shoat, chanch and dhasa. In shallow marshes 

fishes are caught by hands. 

Over-fishing, pollution, poisoning, dynamiting and introduction of exotic fishes ar:e 

outlined as possible threats to the native fish species (Edds, 1986). 

Only 8 species of amphibians and 15 species of reptiles were found during the whole 

study period (Table 36). A total of 52 species of amphibians and 125 species of 

reptiles have been recorded in Nepal (Schleich and Kaestle, 2002). The present study 
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recorde<) 15.38% of total amphibians of Nepal and 12% of total reptiles ofNepal. No 

work has been carried previously on the amphibia in the wetlands of Koshi Tappu 

Wildlife Reserve area. From this study it appeared: that the populations of Varanus 
~. 

bengalensis, Varanus jlavescens, Asiatic rock python and turtle had decreased due to 

poaching for their leather, meat and medicinal uses. The Naja naja is deadly 

poisonous so the people generally kill this animal when they see. Therefore, it can be 

observed very. rarely. The freshwater crocodile, Crocodylus palustris has been 

reported from Koshi river by Shrestha (1994). Detailed investigation is needed to 

assess the diversity of amphibians in this area. 

Regarding aves, Koshl Tappu Wildlife Reserve and its surrounding areas are very 

suitable due to the presence of different wetlands and aquatic macrophytes. Baral 

(2000) reported altogether 461 species representing 58 families from this region. The 

present study was focused oni.yto the water birds. This study revealed 11.89 %, 51.81 

%, and 53.47 %, species of birds of total birds ofNepal, total wetlands' birds ofNepal 

and total terai wetlands' birds of Nepal, respectively. Detailed study of investigation 

is needed to ascertain the present status of water bird diversity in Koshi Tappu area. 

The maximum species was recorded in winter season. The pintail was most abundant 

with around 3,000 individuals at its peak season. Then the common teal were around 

900 individuals in its peak season. Lesser Whistling Teal, Gadwall and Cotton Teals 

were also numerous. Most other duck species occurred generally below 400 in 

numbers. A few rare species s~ch as Falcated Teal and Barheaded Goose were also 

observed in small numbers. 

The number of birds recorded during this study period was compared with earlier 

records given by Scott in 1989. Although there were limitation in the extent to which 

such comparisons could be made because the exact areas and time surveyed by Scott 

were not given, however the magnitude of the differences strongly suggest that there 

may have been dramatic reduction in the abundance of many wetland bird species. In 

particular, Pintail, Garganey, Lesser Whistling Teal, Ruddy Shelduck seem to have 

decreased considerably in.numbers. 
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The waterfowl have been benefited from the construction of the Koshi barrage 

through the development of a large expanse of water and extensive marshy lands. 

~owever, the increased frequency of flooding has negatively affected a large number 

of breeding species, notably the herons and storks. 

The habitat of birds in this region is being destroyed due to many factors mainly 

. accumulation of silt by erosion, excessive harvesting of macrophytes by the local 

people and accumulation of pollutants in the wetlands from different sources. 

The present study showed decreasing trend of bird species from previous record. 

There may be ·several reasons, one of them may be that birds have changed their 

migration route, although this seems uulikely. The other reasons are hunting, 

poaching, trapping in the migration route and in the breeding areas. Besides these 

possible reasons 'nowadays the huinan disturbances, increased food shortage, and loss. 

of habitat in the Koshi Tappu area may be the strong reasons for the decrement of bird 

species than previous records. 

Tlie present study area is also suitable habitat for different species of mammals due to 
' . 

the presence of wetlands and forest area. Altogether, 21 species ·of mammals were 

recorded during this study period (Table 38). According to the local people, the Koshi 

Tappu area was covered with dense riverine forest and tall grasses in the past where 

large carnivores, such as Bengal tiger (Pant hera tigris) and leopard (Pant hera pardus) · 

were abundant. But now these mammals could not be observed. However, this area 

contains Nepal's last surviving population of wild water buffalo (Heinen, 1993). Gaur 

(Qos gaurus) and Nilgai (Boselaphus tragocamelus) were not found. Their presence 

was reported on earlier occasion (Suwal, 1994). The Gangetic dolphin (Platanista 

gangetica) was observed in ~oshi barrage area. Besides the local domesticated 

elephants, the other Asiatic elephants visit here from India during sununer months. 

According to the local information, except the wild water buffalo, other various 

species of mammals and their number has decreased in this area after the 

establishment of reserve and clearing offorest in its surroundings. 
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·sUMMARY 



Nepal has only freshwater wetlands and it occupies 743563 ha or roughly 5% of 

Nepal's total hind area. The present study was carried out in the wetlands of Koshi 

Tappu Wildlife Reserve and its surroundings. Due to the presence of different types 

of seasonal and perennial wetlands, this reserve was designated as a wetl~d of 

interp.ational importance and added to the Ramsar list on 17th December 1987. The 

. KTWR and its surroundiii.g areas include different types of wetlands like rivers, 

streams, lakes, ponds, floodplains, swamps, marshes, reservoir, and paddy fields. 

These wetlands are suitable habitat for diverse groups of plants and animals 

especially the aquatic macrophytes, fishes, birds, amphibians, reptiles, mammals and 

aquatic insects. 

The air temperature of the study sites ranged between 18. 2 ±0. 432 °C and 33. 6 ±0. 

290 °C during the study period. The maxiinum air temperature was recorded in the 

month of May and minimum in the month of January of the second year study period 

at Site 3 (Table 9). The monthly data of air temperature of the whole study period 

when poole(! in seasonal values, it showed highest air temperature in rainy season 

(Table 18). The air temperature showed positive and significant correlation with water . . . 

te~perature, free carbon dioxide and biological oxygen demand at all the sites (Tables 

4, 7, 10 and 13). It showed significant difference among seasons at 1 % significance 

level. 

The maximum water temperature was recorded in the month of May at Site 2, Site 3 

and Site 4 but at Site 1, it wa8 recorded maximum in the month of August during the 

study period. The maxiinum water temperature was29. 5 ± 0. 535 °Cin the month of 

May of the second year study period (Table 9) at site 3 and minimum 14. 3 ± 0. 550 

°C in the month of January of the first year study period at Site 1 (Table 2). When the 

monthly data of water temperature of the whole study period were pooled in seasonal 

values, it was recorded maxhnll?J in summer and minimum in winter (Table 18). The 

water temperature had positive and· significant correlation with free carbon dioxide 

and biological oxygen demand at all the sites (Tables 4, 7, 10 and 13). It showed 

significant difference among seasons at 1 % significannce level (Table 20). 
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The transparency of water· of the study sites ranged between 13 ± 0.337 em (Table 2) 

and 62.6 ± 0.904 em (Table 3) during the study period. It was recorded maximum at 

Site 1 in the month of January" of the second year study period and minimum also at 

Site 1 in the month of July of the first year study period. The maximum transparency 
I . • 

was recorded in winter season followed by summer and rainy seasons (Table 18). 

Tlie maximum pH was recorded 8.4!_0.152 at Site 4 in the month of January of the 

second year study period (Table 12) and minimum 7.1 !_0.163 and 7.1~ 0.240 in the 

month of April and June, respectivdy at Site 2 in the second year study period (Table 

6). The maximum pH was in winter season followed by rainy and summer seasons at 

all the sites (Tables 18). The pH showed positive and significant correlation with 

dissolved oxygen and inverse and significant correlation with free carbon dioxide and 

biological oxygen demand at all the sites (Tables 4, 7, 10 and 13). It showed 

significant difference among seasons at 1 % significance level (Table 22). 

The disso~ved oxygen of the stu?y sites varied between 5.11 !_0. 223 mg/L and 11.3!_0. 

258 mgiL during the study period. The minimum dissolved oxygen was recorded in the 

month of May of the second year study period at Site 3 (Table 9) and maximum in the 

month of January of the second year study period at Site 1 (Table 3). In other sites 

also the maximuin dissolved oxygen occurred in January month. Seasonally the 

maximum dissolved oxygen was recorded in winter season followed by rainy and 

summer seasons at Site 2, Site 3 and Site 4 but at Site 1, it was maximum in winter 

season followed by summer and rainy seasons (Table 18). It· showed positive and 

significant correlation with total alkalinity and total hardness but inverse and 

significant correlation with air temperature, water temperature, free carbon dioxide 

and biological oxygen demand at all the sites (Tables 4, 7, 10 and 13). It showed 

significant difference among sites and seasons at 1 % significance level (Table 23) .. 

The free carbon dioxide of the study sites ranged between 4.15 :t0.179 mg/L and 6. 62 

±0.185 mgiL during the study period. The minimum free carbon dioxide was recorded 

in January of the second year study period at Site I (Table 3) and maximum in April 

of the second year study period at Site 4 (Table 12). Seasonally the maximum free 

C02 was obtained in summer season followed by rainy and winter seasons at all the 

sites except Site 1 where maximum was recorded in rainy season followed by summer 
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and winter seasons (Table 18). It showed positive and significant correlation with 

water temperature and biological oxygen demand and inverse and significant 

correlation with dissolved oxygen at all the sites (Tables 4, 7, 10 and 13). The free 

C02 had significant difference among sites and seasons at 1% significance level 

(Table 24). 

The total alkalinity of water of the study sites ranged between 125.59 ±1.138 mg/L 

and 46.32 ±,0.721 111!YLduring the study period. It was recorded maximum in January 

of the first year study period at Site 3 (Table 8) and minimum in July of the first year 

study period at Site 1 (Table 2). The maximum total alkalinity appeared in winter 

season followed by summer and rainy seasons (Table 18). It· had positive and 

significant correlation with total hardness and chloride at all the sites (Tables 4, 7, 10 

and 13). It showed significant difference among seasons at 1 % significance level and 

significant difference among sites at 5 % significance level (Table 25). 

The total hardness of water of the study sites ranged between 83.45 ±_0.584 mg/L 

~d 27.63 ;!:0.679 mg/L during the study period. The maximum total hardness 

occurred in March of the second year study period at Site 4 (Table 12) and minimum 

in July of the first year study, period at Site 1 (Table 2). At other sites also the 

maximum total hardness were occurred in March and minimum in July. The 

maximum total hardness was in winter season followed by summer and rainy seasons 

at all the sites (Table 18). It had positive and significant correlation with transparency, 

dissolved oxygen ·and total alkalinity and inverse and significant correlation with air 

temperature and water temperature at all the sites (Tables 4, 7, 10 and 13). Total 

hardness showed significant difference among seasons and sites at 1% ·significance 

level (Table 26). 

The chloride content ofwater ofthe study sites ranged between 18.73 ±,0.205 mg/L 

and 7. 25 ±(). 216 mgiL during the study period. The maximum chloride was recorded in 

December of the first year study' period at Site 2 (Table 5) and minimum in Septemqer 

qfthe first year study period at Site 1 (fable2~ The maximum chloride was in summer 

followed l;>y winter and rainy seasons at Site 1 and Site 4 but at Site 2 and Site 3, 

maximum was in :winter season followed by summer and rainy seasons (Table 18). It 

showed positive and significant correlation with transparency and total alkalinity at all 
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the sites (Tables 4; 7, 10 and 13). It showed significant difference among sites at 1 % 

significance level (Table 27). 

The BOD of water of the study sites ranged between 0. 65 ±(). 039 mg'L and 2 36 ±{). 082 

n\g/L during the study period. It was recorded maximum in May of the second year 

study period at Site 4 (Table 12) and minimum in January of the second year study 

period at Site 1 (Table 3). The maximum BOD was recorded in summer season 

followed by rainy and winter seasons (Table 18). It had positive and significant 

CO!Telation with air temperature, water temperature and free C02 and ·inverse and 

significant correlation with pH and dissolved oxygen at all the sites (Table 4, 7, 10 and 

13). It showed significant diffe~ence.among seasons at 1 %significance level (Table 

28). 

A total of 65 species of macrophytes belonging to 53 genera and 32 families were 

recorded in the present study. Among them 21 species were hyperhydates, 12 spe~ies 

were helophytes, 9 species were submerged vittates, 9 species were tenagophytes, 8 

species were epihydates, 3 species were submerged rosulates and 3 species were 

pleustophytes (Table 29). 

The aquatic macrophytes of the study area represents 27.08% , 42.74% and 55.17% 

of total aquatic plants of Nepal in terms of species, genera and family, respectively. 

Among the collected species majority of species were collected from the oxbow lake 

areas. 

Typha angustifolia, Eichhornia crassipes, Nelumbo nucifera, Alternanthera sesilis, 

Phragmites karka, Saccharum spontaneum were most dominant plant species. Two 

exotic species e.g. Alternanthera philoxeroids and Eichhornia crassipes were found in 

the study area. 

Two species of annelids (Table 30) and 23 species of arthropods were identified 

(Table 31 ). The highest number of arthropods belonged to order coleoptera and 

hemiptera. Mainly Chironomou~ larvae, Culex larvae, Anopheles larvae, Hydrometra 

sp., Gerris sp. and Macrobrachium sp. were abundant in the study area. 
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A total of 16 species of molluscs belonging to 4 orders, 8 families and 10 genera were 

re<;orded (Table 32). Seven species of these were edible. These consumed by different . 

local people (T~ble 33). Among the total recorded species, 3 were harmful to human 

beings in different ways. The 'most abundant species in that area were Bellamya 
' . . . 

bengalensis and Lymnaea acuminata. Achatina is a serious pest of 'vegetables and 
' 

crops in this region (Table 34). 

92 species of fish belonging to 54 genera and 25 families were found in the Koshi 

Tappu Wildlife Reserve and its surroundings. According to this study, the study area 

represents 51.39% and 83.33% of total fishes ofNepal in terms of species and family, 

respectively. Among the collected species majority of species belonged to cyprinidae 

family (Table 35). 

A total of 23 species of herp~:tofauna were recorded from the wetlands of Koshi 

Tappu Wildlife Reserve and its surrounding (Table 36). Of these 8 species were 

amphibia and 15 species were reptiles. This study area represents 15:38 % of total 

amphibians of Nepal and 12 % of total reptiles of Nepal. Among the amphibians 4 

species were found rarely and among the reptiles also 4 species were found rarely and 

6 Species were found very rarely at local level (Table 36). 

100 species of water birds _belonging to 62 genera and 19 families were found in the· 

study area (Table 37). _The present study recorded 11.89 %, 51.81 %, and 53.47 %, 

species of birds of total birds of Nepal, total wetlands' birds of Nepal and total terai 

wetlands' birds of Nepal, respectively. The maximum species was recorded in winter 

season. This study revealed decreasing trend in number of bird species in comparison 

to previous record. 

Altogether 21 species of mammals belonging to 19 genera and 13 families were 

observed in the study area. Among them 12 were found rarely and 7 were 

occasionally found at the local level (Table 38). The present study recorded 11.60 %, 

and 33.33% mammals ofthe total mammals ofNepal in terms of species and family, 

respectively. The most important mammal of the Koshi Tappu Wildlife Reserve is 

wild water buffalo ((Bzibalus bubalis). 
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RECOMMENDATIONS 



The main objectives of this study were to investigate the physico- chemical 

parameters and macro-biodiversity of the Koshi Tappu Wildlife Reserve (KTWR) and 

its surroundings because this study area is the most important Ramsar site harboring 

the gene pool of the wild water buffalo in Nepal and is an aquatic biodiversity hot 

spot for supporting many species of fish and a very high density of resident and 

migratory birds in the region. On the basis of the present study, the following 

measures are recommended for the improvement of water quality and macro

. biodiversity of the area. 

I) The marginalised local people in the surroundings of Koshi Tappu Wildlife 

Reserve like to use wildlife in their traditional way due to poverty, 

indifference to natural resources and illiteracy. So, the conservation 

education must be centered around positive political, social, economic and 

ecological transformations of the region. 

2) The marginalised people residing around the KTWR subsist on the reserve's 

wetland ·resources. Therefore, for the management of wetlands, the 

economic status of local people should be raised. Strategies for the 

conservation of KTWR need policy frameworks that promote sustainable 

use of reserve's resources, create incentives for conservation by local 

people, encourage the use of management tools now available and improve 

people's capacity to use reserve's resources on a sustainable basis. Local 

people need to be active participants in the planning and implementation of 

conservation and developmental activities in KTWR region. 

3) Development of eco- tourism will provide job opportunities for local people 

and will help in conservation of wildlife and their habitat. The revenue 

collected from eco-tourism can be invested for the development of this area. 

4) For the improvement of economic status, the traditional cottage industries 

such as manufactUring of earthen pots, ropes, mats, baskets and paper bags 

etc. should be promoted. The agriculture based industries can also be 

developed around the reserve area. 
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5) Local people collect grass, fodder and fuel wood from the reserve and its 

surroundings beyond the regenerative capacity which make disturbances to

the wildlife and losses of the habitat of birds, mammals, amphibians, reptiles 

etc. To control such activities, the local people should be encouraged for the 
. . 

plantation of fodder plants and grasses in their private land., For the 

alternative of fuel woods, the local people should be encouraged to use bio

gils. 

6) Many ethnic groups depend on fishing around the reserve. They use cast nets, 

mesh nets and sometimes also use gill nets. This practice depletes the 

population and diversity of fish species. To control such activity, the fish 

farming should be developed in private sectors also. Local people mainly 

who are landless and have no other livelihood options except the traditional · 

practices of poaching, hunting, trapping and poisoning of wildlife, these · 

people should be encouraged for alternative livelihood options through 

proper training and facilities. 

7) To maintain the status of wetlands, time to time the obnoxious and invasive 

weeds like Eichornia crassipes, Pistia stratiotes etc. should be cleared from 

the wetlands. 

8) Another major problem is the deposition of silt in the wetlands of this region 

by the Koshi river. To control silt deposition, soil erosion should be 

controlled through revegetat\on in the catchments areas and river banks. 

9) Constant monitoring and evaluation of the Koshi Tappu Wildlife Reserve. is 

required in terms of floras and faunas for their effective conservation. 

1 0) The reserve authority should give facility for the collection of Khar-Khadai 

(Thatch) at least once a year. That will provide material benefits to local 

people, 

II) The wetlands outside the reserve are being polluted by the chemical 

fertilizers, insecticides, pesticides and fecal matters of human beings. To 
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control such pollutants, farmers should be encouraged to practice organic 

farming and integrated pest management and the local people should be 

encouraged for making latrine for their own use. 

12) Not only the wild water buffalo but also the globally threatened faunas such 

as Gangetic dolphin (P/atanista gangetica), Gharial crocodile (Gavialis 

gangeticus), Asiatic rock python (Python molurus molurus), Lesser adjutant 

stork (Leptoptilos javanicus) and others need special attention for their 

continuity (conservation) in the KTWR and adjoining areas 

13) A buffer zone should be established to protect the core area of the reserve 

from overgrazing by the ever increasing populations of the domestic 

livestock. 
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