CHAPTER 1

INTRODUCTION

1 Background

1.1 Introduction to Marsh Mugger

Only two species of Crocodiles likBavialis gangeticus and Crocodylus palustris
were reported to abundant in Nepal (Whitakar, 198it)of 21 species, 7 sub species
and 3 families of Crocodile that survive in earflug, 1993). The Mugger Crocodile
(Crocodylus palustris) is literally called "Crocodile of the Marsh". It issal called the
Indian Mugger or Iranian Marsh Mugger or Persiandodile asGandu. In Pakistan's
coastal regions of the Makran and delta marshlah@&ndh, it is also known as the
"Indus Crocodile”. It is found throughout the ladisubcontinent and the surrounding
countries. Its exact locality data ranges from Nigpaia, Srilanka and Burma to Iran
(K Shah, 1995). In two species of family Crocodg@edall modern Crocodiles belong
to Mugger Crocodylus palustris), under sub family Crocodylinae is listed vulneeabl
list on the appendix Il of CITES (IUCN Nepal, 199%Bad catagory status V in [IUCN
redlist (IUCN Nepal, 1995b)lhe Mugger is usually called Marsh Mugger in Nepal.
The name "Mugger" is a corruption of the Hindi/Unrdord. 'Magar' means "Water
monster” in the Hindi/Urdu language. This is inntwterived from "Makara”, the
Sanskrit word for Crocodile (Britton, 2002).

The Marsh Mugger is mostly an endemic species @nlitldian continent. Historical
range of it extends from Iran. The 1992’s IUCN awtiplan for conservation of
Crocodiles classifies Mugger as high priority specifor action and rates the
population of which is severely depleted/endangdidabrbjarnarsoret al.1992).
Muggers are widely distributed in the Nepal (Shat &iwari, 2004). In Nepal, It is
reported from BNP, CNP and all development regibthe Nepal and not found in
more than 400 m (K. Shah, 1995). In SWR, it alamtbwith Gharial association in
areas like Bahuni Nala, Chaudhara River and Shifaia (Andrew and MC Eachern,
1994).Their distribution range mostly in Terai lant of Nepal including East and
West Rapti, Narayani and Koshi River system (Shees001; Koshi Wetland
Newsletter, 2008). Largest number of the MuggercGdies in Nepal found in Rapti
River within CNP. As reported by Thorbjarnarsenal. (1992), Muggers are not
believed to inhibit Karnali River and may be foumd its tributaries. But, high
numbers of the Mugger Crocodiles were reportedrgSha (2001) in Karnali River



and its tributaries. In Karnali, Babai and Narayathiey coexisted with Gharial.
Currently Mugger Crocodile is reduced to isolatedpydation primarily with
protected habitats such as in SWR, BNP and CNPaconiable population. The
Mahakali, Bahuni River adjacent to SWR (Shrestl@®12 Andrews and Mc Eachern
1994) and Rani Tal inside it represent excellebitaaof this Crocodile (BPP, 1995b)
but are reported to be reduced in number nowdaykese areas (Andrews and Mc
Eachern 1994). Mugger Crocodile is decreasing mbver due to poaching activity in
Nepal. Poaching is the major threat found to Crdeqghrticularly at Kaligandaki and
Narayani river tributaries. BPP (1995b) aRtdandari, (1998) reported large number
of Mugger Crocodile in Beeshazari Laleami Tal in Chitwan (Bogati, 2003)and
Ghodaghodi Lake Complex in Kailali district alscopide important habitats for the
globally-threatened Marsh Crocodile (CSUWN, 2009).

1.2 Crocodile Mythology in Nepal

Crocodiles are closely associated with deitiesndidn and Nepalese mythology
(Singh, 1986). They were regarded and worshippedadsmna (vehicle) of goddess
Ganges (Maskey, 1989). Crocodile also talked undepal as “Gohiko Ansu”
(Crocodile’s tear: means faking sympathy only dgtrg sympathizer). Crocodiles
are cruel animal and ugly. Tears dropping are d¢htught to pretend other. So if
anybody shows sympathy only verbally not heartilyaiction such a condition is

called as Crocodile’s tear (Rai, 2003).

1.3 Marsh Mugger and its habitat

Mugger Crocodile lives in the freshwater riverskés and marshy places. It also can
adopt to live in the reservoirs, irrigation canafed other manmade water bodies. It
prefers slow moving in the shallow area like in thekes, reservoirs and even in
saltwater lagoons. It could not sustain in the higinrent water bodies (Whitakar,

1987; Whitkar and Whitakar, 1989). All Crocodilese asemiaquatic, hunting and

feeding in water but basking for a few hours eaalg (Zug, 1993). Generally, the

Muggers use basking long time in the day time intar season. Mugger tends to
bask in midstream on rocks or muddy banks (Grocshgleri 1982). It remains at the

bottom of water during sunny days and night. Sometthe Mugger immerses the
half of body into water. They have been reportednigrate considerable distance
overland in search of more suitable habitat. MugGeocodile segregated by its

habitat where found together with Gharial. It doest range widely moving a



maximum distance only of 10.7 Km in an 18 monthsigae (Bustard and Singh,
1982). Mugger Crocodile and other crocodilians camitate with each other using
stereotyped acoustic and visual signal that comepyoductive, territorial, and other
information (Senter, 2008). Most of Crocodile brednyy egg (Weblet al., 1984)
Mugger Crocodile breeds by laying eggs. The pealk tf egg lying ofCrocodylus
palustris in India and Nepal is during the wet season likdbrbary to August.
(Whitakar and Whitkar, 1984; Ferguson, 1985). Therage size of th€. palustris
eggs from south India was 74 mm x 47 mm x 128 mrhi(@ar and Whitkar, 1984).
The average size of eggs at Narayani river wer@ ¥#&.3 mmsd x 49.6 £ 2 mmsd X
114.2 £ 11.3 mmsd (Maskey, 1989).

1.4 Population status of Mugger Crocodile

Srilanka have largest remaining wild population 28000 (Whitaker and Whitker,
1979). The 3000 of population was estimated indr(@Vhitaker and Whitker, 1989).
Bangladesh reported to have 118 Mugger Crocoditds (@holi and Shagari, 1993).
A survey in Nepal initiated in 1993 reported ocemge of Marsh Mugger in different
area like Mahakali, Koshi, Babai Rivers of Nepal @¥IC Eachern, 1994). Shrestha
(2001) mentioned 120-150 numbers of Mugger Croeadilhis book 'Herpetology of
Nepal'.

1.5 Crocodile and Wetlands

Wetlands support several species of endemic orafjjothreatened flora and fauna.
Given that all living creatures require water, outd be argued that all organism are
wetland dependent, however most of organisms depagdficantly on wetland
habitats for food and breeding. Of the 20 enderaitebrate animals found in Nepal,
17 including 8 fish, 9 herpetofauna species ardawdtdependent and among them
Marsh Mugger is one (IUCN Nepal, 2004). The 200&€MNJred list includes nine
reptilian species including critically endangerecenBal roof turtle Kachuga
kachuga), Elongated tortoise Iifdotestudo elongate) and Gharial Gavialis
gangeticus), vulnerable broad Snouted Crocodilérdcodylus palustris), crowned
river turtle Hardela thurji), Indian eyed turtleMorenia petersi), Black pond turtle
(Geoclemys lamiltonni) and Keeled land tortoiseM@lanochelys tricarinata) under
list. Beside this, wetlands are with both econoimaa ecological function (IUCN
Nepal, 2004).



Nepal's wetlands have great ecological diversityo{Sand Polle, 1989). The flood
plains, Oxbow Lakes and other depressions whidhrretvater after the flood water
has receded support a rich diversity of wildlifég8, 1997) but Nepal's wetlands are
facing tremendous anthropogenic pressure. Humamicewl activities such as
deforestation, destruction for resource collecten fishing, gravel and drifting

collections and the water drainage for the irrigatare the activities with largest
impact for the deterioration of the wetland halsithandari, 1998). So conservation
of wetland is necessary. Mugger Crocodile is thestane species of the slow flowing
freshwater ecosystem hence it is quite importantbiadiversity conservation

(Mulkozi, 2000). Crocodiles help to the distributiof the nutrients from the bottom
of water body to the surface of water. So, theyaase the primary production and

fish population and maintain the aquatic ecosygtdoiokozi, 2000).

Crocodiles are important for several aspects sugchhair existence indicate the
healthy aquatic ecosystem and their hide and maatdood commercial value.
Crocodilians are living members of Archosauria agient group of reptiles which

included Dinosoraus and progenitors of birds. Noways wetland biodiversity is

under threat from encroachment of wetland habitasustainable harvesting of the
wetland resources, industrial pollution, agriciddurunoff, siltation and introduction

of the exotic and invasive species in wetland estesy. Encroachment of the wetland
is primarily due to the drainage for irrigationcl@mnation and fishing, filling in for

solid waste disposal, road construction, commerai@sidential and institutional

development, conversion of sites for aquacultuomstruction of dam barrages and
other barrier for controlling water flow and diggiwlitches in site where there is no
inflow of water, discharges of sediment by nearlgaagrazing and removal of soil
from the site. The construction of dam and consivus in large River are reducing
the number of Crocodiles in wetlands of Nepal (Stir@, 2001) by reduction of
wetland areas, deposition of silt and sedimentseaticbphication and deterioration of
water quality (GoN/MFSC, 2002b). Beside, the imaonde for Crocodiles, wetlands
act like sponges; they provide flood protectionrégiucing flood peaks and reducing
shoreline erosion to the downstream water usergy Tdre the kidneys of the
landscape because they filter sediment, nutrieartd, contaminants from inflowing

water there thereby, improving water quality. Tedband migratory animals, they

are supermarkets that provide a wide variety ofio@roomet al. 2006).



1.6 Conservation status, importance and threats dflugger Crocodile in Nepal
Principle threats to Crocodiles in Nepal are inotdé catch in fish nets, egg
collections, egg predation by animals, habitat rdetibn and hunting use of the
Crocodile parts for medicinal purpose (Groombridf@82). The 1992's IUCN action
plan for conservation of the Crocodiles classifidgger as a high priority species
for action and rates the population status in Negmlerely depleted/endangered
(Thorbjarnarsoret al. 1992). Hunting of the Crocodiles is prohibitory Nepal but
this protection appears to only applying to the @ts but not enough for Muggers
and which is not legal protection to out side oé tNational Park and Wildlife
Reserves of Nepal (Andrew and MC Eachern, 1994grdfbre unless the existing
population is supplemented by additional number @moper protection is not

followed, these Crocodiles will soon disappeatia wild.

The Crocodiles have bundles of importance. Thespeskin and eggs of Crocodiles
have great medicinal and economic value. Trecodylus palustris is under the
vulnerable list of the CITES. Its population is lamvNepal. If the population is not
maintained in a time it may extinct from the Nefd. the conservation is necessary.
No more care is being given to the Mugger consemah Nepal other than Kasara
conservation project Chitwan for Gharials where Mg are also associated with
Gharials and automatically preserved. Thereforevesurfor additional habitats,
selection of restocking sites for Muggers and cora®n programmes should be
extended. Mugger is an ideal animal for ranchingjfanming.It has classic hide value
in world market. In Nepal ranching could contribtaeeral Mugger conservation and
habitat preservation by generating revenue fromallocommunities on whose
goodwill Crocodile depend on survival. Beside teigperimental ranching and well
managed farming programme, Nepal could generateeaiate revenue for Crocodile
management and justify the survival of this speciEss would afford enduring
benefits to not only Mugger but also Nepal's entiretland ecosystem including

avifauna and herpatofauna (Andrews and MC Each@9d)1

1.7 Legal conservation of Crocodile in Nepal

Legal protection opf Crocodile began in 1973, urttier National Parks and Wildlife
Conservation Act. Hunting of Crocodiles is no longermitted (National Parks and
Wildlife Conservation Act, 1973). The Gharial istéd under the protected animal
category of the National Parks and Wildlife Cons#ion Act, 1973. Any person who



kills or injures this animal shall be punished watfine ranging from forty to seventy
five thousand rupees, or face an imprisonment rgnfiiom one year to ten years or
both. GoN Nepal launched a captive breeding progfamthe rehabilitation of

Gharial in 1978 with the support of Frankfurt Zogileal Society. The rearing project,
originally for Gharial only, was set up at KasanaONP. The facilities in Kasara now
hold both Gharial and Mugger where the Mugger igtemtionally protected. In

1982, facilities were added at BNP for Gharials Bhaygers. IUCN Nepal initiated a
program for Mugger conservation in 1992 which dediyrom the accelerated decline
of wetland habitat and lack of detailed informatimm the status of Crocodiles. The
recently created Wetlands Inventory and Consemafwogramme augment the
Crocodile project by supplying logistic support dadilities. The Crocodile Project

received funds from USAID and IUCN for the init@ati of a conservation program

and a feasibility study for sustainable utilizatminCrocodiles in Nepal.

To involve the individuals and organizations fornfing, breeding and research of
valuable NTFPs and wildlife as well as to suppaddiversity conservation and

generate income from such endeavors, GoN decideddpt the Working Policy on

Wildlife Farming, Breeding and Research, 2003, amgést 28, 2003. This policy

permits for private commercial farming of Ghariatiwthe objective of supporting

Gharial conservation. But the Mugger is not corm@deas such. The interested
individual, organizations and institutions shaltab permission from the Ministry of

Forests and Soil Conservation (MOFSC). The applishiould pay NRs. 40,000 to
get permit and DNPWC may provide seed animal bygithg NRs.40, 000 ((National

Parks and Wildlife Conservation Act, 1973).

1.2 Wetlands

The Nepali term for wetland is 'Simsar'. The infatngroup in Nepal at the first
informal meeting on wetlands management in Negahgited to define wetlands as
"It is a landmass saturated with water due to kwvgker table through ground water,
atmospheric precipitation or inundation and it nb@ynatural or artificial, permanent
or temporary, static or flowing and fresh wateboackish" (Shrestha and Bhanadari,
1992). Ramsar convention 1971 had broad definitomers the majority of all
categories of the wetlands including most of thedpctive land are considered
among the most productive ecosystem in the worlall§H1997). The wetlands for

international importance are called as Ramsar.$tasisar Convention was signed in



1971 in Ramsar (Iran) defines wetland as "The avéd&arsh, Fen, Peatland or water
whether natural or artificial, permanent or temppravith water that is static or
flowing fresh, brackish or salty including areasneoérine water, the depth of which
low tide does not exceed 6 meters and may inclipdeian and coastal zones adjacent
to wetlands or island or water bodies of marineewdeeper than 6 meter at low tides
lying within wetlands (Ramsar Convention Bereal)20 The term wetland doesn’t
have universally accepted definition because of ghueality among uses, regional
variation, biological diversities and richness urtaral values. Thus meaning varies

from person to person (Bhandari, 2009).

1.2.1 Wetlands in Nepal and their Classification

The Terai occupies a narrow belt along Nepal's lseut edge on the Indian border
Indian covering about 16 % of the total area of Klepal. Altitude range varies from
the 67 m - 300 m above the mean sea level. A tiestson of the wetland found in

this region was made with number in the parenthrefesring it the wetland types as
defined by IUCN (Scot, 1989).

Table 1: IUCN'’s classification of the Wetland: numker and system.

Wetland type Wetland type subsystem Wetland type

system number

Lacustrine system | Oxbow Lake with swamp foresisl3
(swamp forests are seasonally inundated
areas with associated tree species
adapted to these condition)

Freshwater Lakes and associate marshes 14

Palustrine system | Permanent fresh water marshes 15
Seasonal fresh water marshes 16
Riverine syste Perennial Rivers and steam 11

Seasonal and regular rivers and streams 12

Flood plain and marshes 18

Man made system | Agricultural pond 14
(Source: BPP, 1995b)
Wetlands have been classified into three categofiem the view point of

management plan.

1. Wetlands lying in protected areas or buffer zone
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2. Government and public wetlands outside proteateds
3. Wetlands in private area
(Source: GoN /MFSC, 2002a)

There are 242 wetland sites in Nepal out of whi6éB &ites lies in the Terai region
and rest of the 79 in the hills and mountain regidocording to the developmental
region, 64 wetland sites lies in Mid Western regi®a in the Central region, 42 in the
Eastern region and 32 in the Mid Western regiorC\UNepal, 1996). Among the
wetlands of Nepal, 10 lie in the Ramsar sites tdrimational importance. IUCN on its
inventory of Terai wetland found siltation and sedntation problems in 112 Lakes
out of 163 Lakes surveyed on its wetland invent@yphandari, 1998). Wetland
species are critically threatening by anthropogeaativities such as deforestation,
unregulated hunting, dam construction and increpsédtion level from discharge of

untreated effluents and agricultural practicesietsal. 2001).

The total wetland resources consist of permanestt flawing rivers to seasonal
streams, high altitude glacier Lakes to lowland awl_akes, gholes to swamps and
marshy lands, riverine flood plains to paddy fieda&l man made reservoirs to village
ponds, comprising approximately 5 % (816954 haptal land areas of Nepal. Out of
total wetlands in Nepal, rivers cover 395000 ha.388%). Irrigated paddy field
covers 398000 ha (48.71 %) marginal land/swampd&Shmver 11500 ha (1.4 %).
Reservoirs cover 15000 ha (0.18 %) Lakes cover $20(®.61 %) and village pond
covers 5954 ha (0.72 %), (DoFD, 2002). Kanchanpstrickt also contained of the
large number of the wetland sites. Among them, mbshe important are Rani Tal,
Betkot Tal and Kalikitch Tal etc. Most other impamt wetlands also lie inside SWR.
Some of the important are like Dodhari Tal, Lalpdiail, Kalikitch Tal, Rani Tal,
Laare Tal, Padau Tal, Tara Tal, Hathia Tal, Purdah Gauthali Tal, Sikari Tal,
Solgudi Tal, Bahuni Nala, Shahili Nala, ChaudhanzeeR Mahakali River etc (IUCN
Nepal,1996), Naya Tal, Tinkuna Tal, Thulo Pani, Bijuda Tal, Lalpani Sabgada
Tal etc (Thapa, 2007).

1.2.2 Water quality and Lake Sediment

The objectives of water quality issues are to aefime background condition, status
and long term trends and changes identities, des@nd explain the major factors
that effect water condition, status, changes amuds (FAO, 1999). Amount of plant



nutrients present in the water also predict tharutrends of plant growth together
with climatic suitability. The environmental condit within the bodies of water and
in the watershed and air shed all influence theoptication factors within the Lake
that modulate the impact of nutrient enrichmentlude food web structure,
exchanges between sediments and water, shape iof doa movement of water
within Lake, climate and hydrological conditiontbie watershed further after impact
of the eutrophication (UNEP-IETC, 1999). Lakes amere complex and fragile
ecosystem than rivers. They do not have self watibn capacity and therefore they
readily accumulate pollution. Because of their egmal and economic significance
and their relevant vulnerability to degradation,kés require more concerned
attention than is applied generally to rivers atr@asn basins. Sustainable use of
stream and reservoirs is being threatened aroundltbe (World Bank, 1995). The
eutrophication in Lakes and reservoirs is enriclhdth plant nutrients mainly
contained of Phosphorous and Nitrogen, which ehtsolutes and bound to organic
and inorganic particles. Floristic and faunal dsigr of wetland is also influenced by
several physicochemical parameters such as wadesgarency, velocity, depth,
Hydrogen ion concentration, nutrients etc (CBIP79;Burlakoti, 2003).

The ionic composition of fresh water is dominatgddiute solution of alkali and

alkaline earth metal compounds particularly bicadie, carbonate, sulfate and
chlorides. The concentration of four major cati@#* Mg, Na', K* and four major

anions like HC@' CO;3 SQ™? and Clusually constitute total ionic salinity of
water for all practical purposes (Wetzel, 1983).eTthree major mechanics
controlling the salinity of world surface water areck dominance, atmospheric
precipitation and evapo-traspiration processes H§il1970; Feth, 1971; Kilham,
1975; Stallard and Edmond, 1981; Wetzel, 1983)ratét is common form of

inorganic entering freshwaters from drainage basisurface waters, ground water
and precipitation and orthophosphate is only dyectilizable form of soluble

inorganic phosphorous (Wetzel, 1983). The processvhich either Nitrogen or

phosphorous washed downstream, locked in to sediroendenitrified, ensure

productivity of many Lakes will largely reflect tlentemporary nutrient supply and
will increase or decrease to changes in this (Mb338).

The sediments in Lake offers reflection of whabappening in water column and the

Lake as such, they can be regarded as tape reaufrtestorical development, often



called geological archive (Hankinson and Jansor831®Hankinson, 2004). The
sediments also affect the condition in water thfougrsuspension processes because
the animals living in the sediments play the fundatal role in the Lake bottom
ecosystem. By extracting sediment cores and comduc number of analyses,
information can be obtained on changes that hakentplace in ecosystem (Thomas
et al. 1972). The sediments in freshwater ecosystemsessential environmental
compartments due to its capacity to store or reledfferent compounds from or to
water column. The gradual accumulation of organtmpgounds in water and
sediments can lead to progressive state of eutapbn resulting in improvement of
water quality changes in composition and structidrbiota and increase in potential
toxicity related to substance with adverse biolabeffects. For certain trophic levels,
a secondary level of eutrophication originationnfrautrient released from bottom

sediments, also might occurs (Martinova, 1993).

1.2.3 Wetland succession, native and alien invasigpecies

Enhanced growth and increased abundance of aqlatits often result in reductions
in water quality (Wetzel, 1983). Nowdays the vegletasuccession by native and
invasive species in the Lake became common anadipigethrough the wetlands of
Nepal.An alien species has been defined as the spe@ksthon native, indigenous,
exotic foreign and/or introduced the ecosystem rothan its natural home. Any
species including its seeds, eggs, spores or ditheg entities through which it is
capable of multiplying and propagating in a foreigeosystem could be an alien
species. The global invasive species programmedéfised IAS as follows. “IASs
are organisms that have been moved from their e&tbitat to a new location where
they cause significant harm to environment, ecooasystem and/or human health
(http://www.gisp.org or in simple terms, the alien aggressive spewt@sh displace
native species by competition by predation, pasmsiaind competition for space and
nutrients. They are termed as invasive alien spetties important however to know
that alien species are not only invasive speciesesof native species also shows
invasive characters may be called invasive natpexies (Bhatt, 2006).Wetland INS
species might have degradive effect in wetland lyient addition. Sometimes the
term noxious weed may be used for invasive spdtiés legal designation used
specifically to plant species that have been detmthto be major pests of
agricultural  ecosystems and are subjected by oertafestriction”.

(http;//www.nps.gov/plants/alien/bkgd.htm). 1AS comses both positive and
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negative impacts. IAS is considered as second bigipeeat after deforestation to
biodiversity conservation. They disrupt the ecolagfythe natural ecosystem by
displacing the native plant and animal speciesakag degrading the landscapes and
diverse biological resources. They alter hydrolagitows and the condition as well
as change characteristics of the soil structured sehemistry etc (Randall and
Marinelli, 1996). IASs are also considered as tlaobical polluters (Westbrooks,
1991). A study conducted by the US fish and wikdéiervices estimated that 42 % of
the plants and animals on US endangered and thezhtgpecies list are at the risk
primarily because of IAS which are termed as tteatgr threat for the native species
decline after habitat loss (Schmitz and Simber®97).

Many native organisms are dependent on native lantthe food and shelter. This
type of the animal-plants association has evolvedr dhousand of years. It is
estimated that at least 123 species of the organisty on each plant species in the
temperate region while up to 30 organism dependhersingle plant species in the
tropical regions (Gould, 2004). The introductiontleé IAS breaks such relationships.
Invasive alien species sieve as host reservoirstifer plant pathogen and other
organisms that can infect and damage desirableenatid ornamental plants. Some of
the invasive species are free floating macrophwtieish occur submerged or on the
surface also exhibit great diversity in morphologyd habitat likeLemna, Pistia,
Eichornia, Chara etc develop so profusely. The high developmerthe$e plants can
result in the excessive loading of the OM and netmtal attenuation of light below
the surface. As a result, period of several redustiand depletion of dissolved
oxygen can result loss of invertebrates and figh¥stzel, 2001). Beside this some
free floating species contain high evapotransmiratatio. ThePistia straiotes is one
reported to be highest evapotranspiration rate 99 Inmd". Similarily Echornia

crassipes contain rate of 6-11 mmigBrenzy and Sharma, 1973).

Nepal has not made any comprehensive study androbsé asses the status and
impacts of IAS. As a result the country does noteh@management strategy to prevent
further introduction and spread of IAS. The IUCNgiideline for preventing
biodiversity loss due to IAS (2000) has been dexigio increase the awareness and
understanding of the impact of IAS. It provides thedelines for the prevention of
the introduction and, reintroduction and control vesll as irradiation of the IAS

(IUCN, 2000). In Nepal, there is no much awarengissut IAS. Despite various
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arrangements nobody is responsible for research raadagement to regulate
introduction of IAS. There is specific regulatiomidelines, manual, laboratory,
taxonomic capacity for identification of IAS. IUCNepal is only one which make
inventory on IAS to fulfill the Knowledge gap (Tiwaet al. 2005).

1.3. Introduction to study area

1.3.1. Kanchanpur district

It is situated at the distance of the 488 Km fréva Kathmandu. It covers area of the
1610 knf. One fifth of the district is covered by the SWRpography of the area is
flat plain with elevation of the 176 m from msl whilies between 863’ and 80°
31'E longitude and 28 33" and 29° 80’ N latitude. Dadeldhura and Kailali districts
lies at north and east of the Kanchanpur and Menakali flows through the western
and southern edge of Kanchanpur. The climate isrguibal in nature. Monsoon
brings heavy rainfall. The temperature ranges f#nC to 42 C (DNPWC/PCP,
2004). Kanchanpur district contain many Lakes artinegn Titara Tal, Paderini Tal,
Banda Tal, Sano Banda Tal, Naini Tal, Baria Taht@aa Tal, Piyari Tal, Bichki Tal,
Aanp Tal, Gusta Tal, Shova Tal, Lalpani Tal, Shikeal, Kalikitch Tal, Tara Tal,
Peli Tal, Nunkhani Tal, Barkhaune Tal and Rani &e most. Among all Lakes
present here, Banda Tal have highest area of 4&ndaRani Tal lies in seventh
position having 11 ha area (Bhandari, 2009). SWR In the extreme in the far
western region of Nepal, southwest of the Terakamchanpur district. It is one of
Nepal's smaller protected areas covering 305 &uklaphanta lies in 28° 53' N to 80°
11' E and ranges in altitude from 150 m to 600 rivW(F Nepal, 2000). The forest
rest consists of forests of Sal, Sissoo and Khadr savannah, supported by better-
drained soils on higher terrain in the northeashéaf, 1978). The reserve possesses
the largest grassland phantas in Nepal. Thesefdetl national and international
importance for birds and other wildlife (Baral amgkipp, 2009). Sal is the dominant
forest type in the reserve with Khakdacia catechu) and Sisso@albergia sissoo)
alongside rivers. Some 54.7% of the reserve isreavby broadleaved forests of Sal
(Shorea robusta) with forests of SissooD@albergia sissoo) and Khair Acacia
catechu) along rivers, and grassland and marsh in thehs@sgt where soils are of
recent alluvium. There are seven small Lakes, RahiSalghaudi Tal, Kalikitch Tal,
Bhatpuri, Kumari, Shikari and Tara Tal, with assted marshes where dense grasses
of Phragmites karka and Saccharum spontaneum predominate (Baral and Inskipp,
2009).
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The international border between Nepal and Indimateates the southern and
western boundaries of the reserve. The Luggabudgicén Reserve in India lies
adjacent to the southern boundary of Suklapharita. Syali and Radha rivers form
the eastern and western boundary respectivelyhtopart of the reserve that extends
north of the east-west highway. The reserve waan@ofis hunting area for many
years and was declared as a Royal Hunting Reseri269 with an area of about 155
Km?. The reserve was gazetted as the SWR in 1976t theereserve was extended
eastwards by an area of about 150°Kencreate more habitat and a corridor from the
Terai into the Churia hills for the seasonal migmatof wildlife. Suklaphanta is
important both nationally and internationally fés extensive grasslands or phantas
that constitute almost half the reserve's vegetatind a much greater area than
grasslands in the rest of lowland Nepal. The maasgjand, Suklaphanta proper, is
the largest protected patch of continuous grassiardepal. It is approximately 16
Km? in area. The main grass species inclumperata cylindrica and Heteropogon
contortus. In the eastern half of the main phanta the gradsiardamp with large
areas of marshes and pools. There are other srpalderitas in the reserve which are
important for birds. These are Singhpur PhantaaigarPhanta, Dudhiya Phanta and
some smaller phantas. SWR reported to have pres#negge reptiles include the
Indian Rock PythonRython molurus) and Marsh Muggerdrocodylus palustris). The
total of 27 fish species has been recorded in sjvieakes and ponds of the reserve
(Bhatt and Shrestha, 1977).

1.3.1.1 Location of Rani Tal

Rani Tal is located in eastern side of SWRs 24 komfthe Mahendranagar
(headquarters) and 18 km from the Majgaun, the dugater of SWR (Majapuria and
Majapuria, 1948) with 2850.2’ latitude and 8013.2’ longitude at altitude of 140 m
msl (Bhandari, 2009). In east ward site of the Raliit lie Hariyaphata, Suryaphata,
the dense cover of forest at west and north anitbeutlosed with low height closed
dam in southward site. This wetland is with shomeliof 100% open forest and
contains both inlet and outlet as outlet is nowckkd by small dam (Field survey,
2009). Eastern site of the Lake is full of Dhapsarampy ground covered by reeds
and tall grasses likBhragmites karka (Field survey, 2009). Baral also has reported
Rani Tal is chocked to be of native vegetation Hteagmites karka highly (Baral
and Inskipp, 2009).
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The area around Rani Tal is best example of sw&hpH and Shah, 1999). It is also
ornithologically important (BPP, 1995b). Bhand&0(Q9) reported that it has area of
11 hactor categorized in IUCN wetland type 8 andavit@ overall high ranking and is
important for plant harvesting and recreation. flihg was great threat to the Lake.
The Lake has high scenic value. This Lake is mastlgd as recreational purposes.
The Lake's 3/4 area were covered by vegetation. The easternopoofi the Lake is
covered with reeds and water ferns. Public havectliaccess to this wetland. The
wetland is protected by the government. GovernnwniNepal in Biodiversity
assessment of Terai wetlands (1995) reported tlaai Ral as excellent wetland
(BPP, 1995b).

Location map of study area

Map1: Location Map of Study Area A
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Fig. 1 Location map of study area

1.3.1.2 Historical background of Rani Tal

Rani Tal is a natural Lake nestled in Sal forestisTwetland was estimated to be
formed about 350 years ago due to shifting of ChatalRiver, hence an oxbow Lake
(DNPWC/PCP, 200¢ According to local resident Mr Bhole Man Thakur, swvas
previous dweller of Singhpurphanta (which formalgs location of Tharu village
and now flourishing by grassland), as one of theequof Tharu’s king Singapal Baba
used to visit at the Lake for swimming snd bathaigpast time; hence name was

given as Rani Tal. Some people also believed thattke was artificially built by
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Singhpal Baba for easier for her queen to swim bath in past time (Personal
communication: Thakur Bholeman, 2009). Nearby RBali There is a temple of

Singhpal Baba in Singhpur considered as incarnatidtord Shiva. This small shrine

at first appears to be only a piles of rocks, Wtgraa few minutes inspection reveals
that the rocks are carved and very very old (Fsldvey, 2009). This gives you a
reminder of just how old the civilizations in thpart of world really are. Local people
go there for worship during festivals. Rani Tal lagh aesthetic and recreational
value and provides impressive varieties of wildli€@n occasion of Shivratri some
people worship the Singpalbaba. During the Dhastestival, people also come here
to worship Singphal Baba. Hindus still perorm arlisecrifices here (DNPWC/PCP,
2009.

In early 1990s Rani Tal’'s water got drop down. Tined was identified as threat to
wildlife and water fowl that use the Rani Tal. 1897 a low dam built near southern
edge of Rani Tal at site of southern Machan witlvgte donation (Lohani, 2000)
which was later destructed by flooding due to tleawy rainfall and again built by
SWR, DNPWC. Seasonal lowering of water level in theke usually occurs.
Sometime it tends to drying or retains very low avaBoring was performed many
times to refill the decreased level by reserveceffbut it could not success due to
heavy extrusion of silt and mud. So, now the WikdiReserves and Irrigation office,
Kanchanpur are trying to construct canal from Chawa River to recharge the Lake
(Personal communication: Upadhaya Gopal Prasha@8)20in past days the
encroaching vegetations had been cleared timen® Ibut this has been neglected in
recent year due to lack of economy. Some work veased out at Rani Tal in 1998
and was supported by the reserve authority andtadsby help from the Silent Safari
Camp and Bird Conservation Nepal. This included inglan earthen embankment
over 600 m long and 3 m high to trap a larger qoamf monsoon rain and so
significantly raise the water level of the Lake (@aand Inskipp, 2009). Appropriate
and regular management was not performed and mtpafi the vegetation was not
made now days hence Lake was highly encroachedhéyveégetation (Personal

communication: Bam Karna Bahadur, 2009).

1.3.1.3 Biological attributes of Rani Tal
Marshy land of the Rani Tal is highly productivé yar round but best in autumn
(September to October) and winter (January to Fepyuln mixed woodland along
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Lake margin, many wintering Ducks seen along the niRaTal
(www.widlife.nepal.com, 1981). The Lake is wintagimrea for sizable number of
several species of waterfowls and provides stagreg for many species during their
migration (BPP, 1995b).

Rani Tal is situated in area of seasonally flootllgrassland and undisturbed Sal
(Shorearobusta) with thick lianas with abundant undergrowth. Eastsite of the
Lake is full of theSyzygium cumini forest with short length of Hariyaphata (Field
Survey, 2009). Lake is covered with patches ohidaor reed beds which are being
feeding habitat for birds and reptiles like crodesli The reed beds are covered with
species ofPhragmites karka, (In reeds-approx 70%) and various tall grass species
(Themeda arundinacea, Imperata species, Arundo donax, Erianthus ravennae,
sachharum speciesOryza rupipogan etc). There is covering distia stratiotes and
Trapa quadrispinosa in water surface withLudwingia adscendens. Submerged
community is equally rich processifgptamogatoen pectinatus, Hydrilla verticilliata
and Najas minor. Lake Vegetation was found to be medium to rich ehas
surrounding vegetation is dominated with a numifegrass species and tree species.
Lake is situated in area of seasonally flooded gadissland and undisturbed Sal
(Shorea robusta) Forest with thick linnas and abundant undergrowithe species
present areat margins aPragmites karka and various tall grass speciehémeda
arundinacea, Imperata species, Arundo donax, Erianthus ravennae, Euliopsis
binnate, Heteropogan contortum, Phragmites karka, Sacchrum spontanium, Oryza
rupipogan etc). Wetland and surrounding forest have a rich malamavetland fauna
e.g. Predators aBanthera tigris, Lutra lutra is reported to occur. Occasionally, the
wetland and surrounding forest had big mammaliamda such aBanthera tigris,
Lutra lutra are reported to occur. The Lake is wintering dogasizable number of
several species of waterfowl and provides a stagiag for sizable number of several
species of waterfowl and provides a staging areanfany species during their
migration. Resident species inclufliedeola grayii, Egrata alba, E. intermedia, Sarki
airnus, P. nigar, Euphippiorhynchus asiatticus, Anas strepora, A. platyrhynchos, A.
acuta, A. querquedula and A. clypeata. The Lake is also rich in herpetofauna and
fishes. It is found to be supporting large popuolatof Crocodylus palustris. Fishes
like Charangi(Chauna gachina), Garahi(Chauna punctatus), Sidre(Puntius species),
Singhi (Heteropneustes fossilis), Mungri (Claris batrachus), Dedawa (Esomus

dandricus), Dira (Rasbora daniconius), Bam (Mastacembelus species) found in Rani
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Tal (BPP, 1995b)It is most fascinating Lake for water birds andafiént migatory
birds (Majapuria and Majapuria, 1998; Karpowicz,839 Fleming, 1977) also
important Lake of Shukalphata for many wetland kEp#cies. The Lake is rich in
many bird species. High diversity of bird specsse reported with total number of
1073 birds. Bird species observed during the suarey40Anas strepora (Gadwall),
200 Anas acuta (Northern pintail), 15 crested serpent eagl&pilornis cheela), 156
purple Gallinule Porphyro porpyhyro), 15 bank mynahAcridotherus ginginianus),
101 Yellow Wagtail and others according to BPFS5I9

1.3.1.4. Climate

The area has a tropical monsoon climate with fofferént seasons: Winter, Spring,

Summer and Monsoon. The hot sticky days give awayé monsoon rain that last
until September. Hot westerly winds of up to 160 Ker 4 hour have been recorded
in summer season (DNPWC, 2004). The months of Dbeemnd January are fairly

cold and misty with occasional frost. The averagmperature during winter ranges
from 10-20 °C and rises to 22-25C (DHM, 2009). Over 90% of the annual
precipitation falls during monsoon between June &weptember. The relative

humidity remains fairly high throughout the yeacegt in the dry months of the pre-
monsoon period. From the analysis of precipitatiamd temperature data of
Mahendranagar from 1997 to 2007, highest precipitabf 1046.9 was reported in

month of August in 2000 and lowest of 1 mm preaifpin was observed in month of
January, 2006. Similarly highest maximum tempeeatidr39.9 was reported in month
of June, 2005 and minimum temperature of 5.2 wasrted in month of January

(Annex: 20, Fig. 1 and 2).

a) Average annual range of maximum and minimum temerature trends

The average annual minimum temperature found someletver in 1998 and 2003.

The highest annual maximum temperature was report2d03 (Fig. 2)
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Figure 2: Average annual range of maximum and minimmm temperature
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b) Average annual range of annual Rainfall pattern

Highest annual rainfall was reported in 2000 andelst was reported in 2003 (Fig. 3).
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Figure 3: Average annual range of precipitation

1.3.1.5 Geology

Pradharet al. (1967) reported the geology of the area as venjlai to the gangetic
alluvium. It is underlain by crystalline rock ofl@thonus material basement and
lowerappe roots. Toward north it meets Siwaliksritiery) of Indian geology and
then the Mahabharat ranges. The Siwaliks of Churilfs are composed of coarsely
bedded sand stones and rocks, clay and congloeeFateging the outer margin of it
is Bhabar zone, composed of boulders, gravel andelsand on somewhat steep
slope. They disappear themselves while crossingn tlteeheavy percolation through
the gravel. They subsequently reappear in the 7eae just below the Bhabar Zone.
This keeps Terai to be abounding with dense foregetation. The soil of Terai is
derived from old as well as new alluvium broughtriwers from hill and mountain in
North. The old alluvium is formed further away frahe river tract which no longer
subjected to flooding while new alluvium is seerretevant flood plains. The soil so
far observed is loamy sand, sandy loam, loam kidiyn and clay loam. Differences in
topography rainfall, temperature, leaching etc hereated the local diversity among
soil derived from the same parent materials. Thieas@lysis of the bottom found the
high OM and soil of surrounding is somewhat low O8Mirrounding soil is highly
acidic in nature (Pokharel and Song Hu Chun, 200Bg texture of soil varies from
clay, sandy clay to loamy soil (Field Survey, 2009)

18



1.3.1.6 Hydrology (Feeding channel)

Rani Tal is rain fed Lake (Lohani, 2000) and italso faded by the surface inflow,
atmospheric input and intermittently through Hagkieola (Nala) which flow from
north to south of SWR (Field Survey, 2009). Thairetd water though rainfall and
flooding from surrounding could not outflow due ttosed embankment built at
southern site of the Rani Tal. Water level from tNagast to the south west is close to
forest but remaining part to the grassland haviegvly coverage of thBhragmites
karka and other species. Water quality shows the akka(iBhandari, 1996) and
neutral nature (Pokharel and Song hu Chun, 200Ram Tal.

1.4 Literature Review

1.4.1 Wetland Studies in Nepal

According to the published literatures in the fiefdreshwater environment of Nepal,
The starting of the wetland studies in Nepal seetoene from 19 century onward.
Kirkpatrick (1811) can be considered as the pioseéplar, who studied some fishes
(Tor sp. Schizothorax sp., Barilus sp. and Anguilla sp.) of Rapti Khola, Tadi Khola
and Trishuli River in 1793 during his political itiso Kathmandu. In the fdcentury,
only two researchers, Hamilton (1819 and 1822) Atldnson (1882) studied the
fishes of Nepal. Hamilton (1819) described the ommce of two groups of fishes
(Mugils and Carps) in the hill regions of Nepal.ighs considered as the first
scientific report of fish from Nepal. Don D (182B)ade study on flora of Nepal
including wetland flora. Atkinson (1882) investigdt fishes of Trans-Himalayan
region e.g. Kumaon, Garhwal, Nepal and Tibet Furthamilton (1883) listed fish
fauna of Nepal "An account of the fish found inemGanges and its branches.". Most

of studies of 18 century are focused on fish faunas.

During the early and middle of the2@entury, only a few scholars (e.g. Boulenger,
1907; Regan, 1907; Hora, 1937 / 39 and Menon, 1848)ied the fishes of Nepal.
Regan (1907) reported the occurrence of sevensfislblected from Kathmandu,
Sundarijal and Pharping. Among the identified fgiecies, he classified five fishes as
Nepalese species amiptycus annandalei (Nov). Boulenger (1907) described about
Batrachia, Reptilia and Fish of Nepal and Westeimadtayas. The study on aquatic
macrophytes was seemed to be started frofncé@tury. Burkill (1910) seemed to be
pioneer in field study of aquatic macrophytes. Latagical history of Nepal is very

old. Hora (1937 / 39) was one of the pioneersctiyologist who described about
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158 fish species from rivers and pools of Halchowkugling, Nagarkot and
Sundarijal of Nepal. Menon (1949) investigated disribution of 52 fish species in
the Koshi river of Nepal and presented geographdcsttibution of 126 Himalayan
fishes. The study on freshwater environment of MNepathe different fields
(physicochemical parameters of water, plankton,romauwertebrates and fishes) was
carried out by various researchers only after 186hm (1953) is seemed to be first
limnologist in 19" century, who inspired aquatic fauna of Kalipokhiarieastern
Nepal. He studied the occurrence of three generazowmiplankton Diaptomus,
pseudodiaptomus and Cladocera) in Kalipokhari pond of eastern Nepal. Taft (1955)
collected fishes from different parts of Nepal aubmitted a report listing 94 fish
species. His study indicated about the potentiaiftgaquaculture development in the
Terai region of Nepal. Hirano (1955 and 1969) malextensive study on freshwater
algae of Nepal in Gorkha, Tanahu and Synjga distia¢ Nepal and identified 271
freshwater algal species. Dewitt (1960) made aldist®f 102 fish species of Nepal
belonging to 21 families. For the first time Menamd Datta (1961) collected
Psilorhynchoides pseudochenies from Tamakoshi Rawer described it as a new
endemic species of Nepal (Mennon, 1962). Menon ZL3fllected fishes from
Koshi, Bagmati, Gandaki and Karnali rivers and désd the occurrence of 126 fish
species in these rivers. Forster (1965) and Pd&65) studied Desmides and
Myxophyceae of Khumbhu Himal. Muller (1966) alsadied the algae of Khumbhu
Himal and observed the occurrenceSpirogyra nepalensis in that region. Uyeno

(1966) collected zooplankton from north-east Nepal.

Water analysis in lentic ecosystem in Nepal wasn¢eoed by work of Loffler who

conducted limnochemistry of plankton from hightaltie Lakes of Mount Everest in
1964 (Loffler, 1969). Loffler, (1969) made study Mountain Lakes of Nepal of
Khumbu high mountain, Everest of Nepal. He madelyston Pachhpokhari, Shey
phoksundo, Gosaikund and Mt Gaur, Sankar devoataktic macrophytes. Wetland
Fauna also have been described by Hirano (196%et.¢1969) is considered as the
pioneer scholar in the field of limnological stuslief lentic environment in Nepal. He
studied the morphmetry, physicochemical parameatéraater and plankton of 24
high altitude (4500 — 5600 m above sea level) Laked ponds. Kusel-Fetzmann
(1969) described the distribution of algae floraMih. Everest and Gauri Shankar
Himal. Rajbanshi (1971) observed the sexual dimsrphof Snow trouts (Asala).

Likely Banarescu (1972) contributed to the knowlkedd Cyprinoidei from Nepal.
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Majumdar, Majupuria and Shrestha (1972) reported rezords of fish species from
Nepal. Shrestha (1973) described a new species dalfitidae from Nepal;
Lepidocephalichthus sp. Further, Hickel (1973b) made an extensive studytlon
physicochemical parameters of water and phytoptan&t four Lakes of Pokhara. He
identified altogether 76 species of phytoplanktorine Lakes of Pokhara valley and
observed the dominancy delosira islandica. He also described the distribution of
phytoplankton in two ponds of Kathmandu valley & 1973a). Bhatta and
Shrestha (1973) also reported the occurrence gp2cies of fish in Mahakali River.
Most of Studies are focused inside Kathmandu Val&jatersheds and Lakes. Hickel
(1973b) made study on aquatic plants of Nepal. éliokade study on Phewa, Begnas,
Rupa and Khaste in the Pokhara valley found olagtic nature of lake. Daems and
Dumont (1974) studied the distribution of rotifeasd recordedscaridium sp. as a
new species for Nepal. Dumont and Velda (1977) istudhe occurrence of
zooplankton (Cladocera and Copepoda) in Nepal. iJ@bi77) described some
Myxophyceae of Kathmandu Valley. Shrestha and Majap(1977) carried out study
on the fishes of Janakpur. Shrestha (1977) repdviednew records of fish from
Nepal. Further she described the fish fauna of Napd fishes from Rara Lake in
1978 and published a book entitled fishes, fishimgplements and methods of Nepal
in 1994. In 1999 she reported about cold water &istl fisheries of higher altitudes
(Asala). Mallaet al. (1978) carried out the study on the aquatic irss€id species) of

various water bodies of the Kathmandu valley.

Similsrily, Ferro and Swar (1978), Ferro (1978/¢f)died limnology in many Lakes
of Nepal. Ferro (1979) made study on Rara Lake,il&ily Dinerstein (1979)
reported many wetlands flora in Rapti River band &@BIP (1979) reported floristic
and faunal diversity of wetland influenced by plogsiemical parameters in Nepal.
Ferro (1978/ 79a and b) made the limnological itigation of lentic environment of
Pokhara valley in order to make a plan for the rgan@ent of fish culture (understand
implications for fisheries and fish culture). In7B) he also reported the freshwater
medusae from Rupa Lake. Shrestha (1978b) investigtite fishes of Rara Lake.
Shrestha (1978a) observed some aspects of ecolodybehavior ofAnguilla
bengalensis (Gray) in the temple pond of Chabdibarahi and @dpining rivers of
Western Nepal. Swar recorded a single specieSlafocera from Rara Lake. New
Era (1978/79) made project study on Chisapani, &arocusing socioeconomic

impact of wetland. Swar and Fernando (1979) sam@ledocera from both Lakes
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and rivers of the Pokhara valley. They identifiéibgether 23 cladoceran species of
which 11 species were recorded as new speciesdpalNThey made further study on
cladocerans of Pokhara valley in 1979. Ferro (1%I€) carried out the limnological
investigation of Rara Lake. Shrestha (1979) deedrithe distribution of fish species
in Bagmati River. His report indicates the occuceerof 54 species of fishes in the
Bagmati River. Upadhaya (1979) recorded two newcisge of phytoplankton,
Oscillatoria princes and Oscillatoria proboscides in Narayani River. Ferro and
Badgami (1980) described the biology of commergimtiportant fish species of both
lentic and lotic environment. Swar and Fernandd()Studied on the occurrence
and ecology of crustacean zooplanktons in Begndee.L¥adav (1980) showed
general composition and distribution of zoobentiosRajdal pond of Lagankhel.
Yadav (1981a) conducted population studies of fkegér snails of a Lake and three
ponds of Kathmandu Valley. Swar and Fernado (198iydied the seasonal
variations on zooplanktons in Phewa Lake. Shre€lB81) recorded 26 species of
fishes in the upper zone of Bagmati river (from &mijal to Chovar) as biological
indicator of pollution. He also described 108 fsgiecies of Koshi river 34 species of
Trishuli River, 102 species of Narayani River, fedes of Karnali River and 69
species of Mahakali River. Yadav (1981b) also stddphysical environment and

bottom fauna of a historical pond Ranipokhari irth€aandu.

Rajbhandari (1982) carried out study on the physoacal analysis and benthic
fauna of the Taudaha Lake. Upadhaya and NN (198@)jes on River pollution in
Kathmandu Valley. Yadav (1983) studied benthic mdauna of four ponds of
Godavari fish farm, Kathmandu valley. Hamilton (B9Studied on Phewa Lake
found oligotrophic; Nakanashi categorized Lake Poes mesotrophic.Yadas al.
(1983) study on aquatic plants of Nepal. Shrestith Manandhar (1983) described
the occurrence of 48 species of algae in variouseemiaodies of the Kathmandu
valley. Similarly, Terashima (1984) made study on rvers of Nepal. Shrestha
(1984) reported chemical pollution in Bagmati angdhBumati River. Nakanista al.
(1984) studied physicochemical parameters of thedees Phewa, Begnas and Rupa
of the Pokhara valley. Shrestha (1984) recordel8 dpecies in Sunsari District of
Nepal. For the first time, Terashima (1984) studiedthe fishes of Rara Lake and
recorded three new species of fishes. Aizaki (13&scribed the trophic status and
water quality status of high altitude Lakes in Mhnapurna region. Edds (1985, 1986
and 1987) studied the fishes of water bodies withen\CNP, Kali Gandaki River and
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Narayani river of Nepal. He reported the occurreoic#13 native fish species in the
water bodies on the National park. Similarly, hesalded the distribution of 111
fishes in Kali Gandaki and Narayani rivers. He alsoorded 8 fish species new to
Nepal. Mahato and Yadav (1985) described the Hidion of 65 fish species in
Dharan, eastern Nepal. Jha and Shrestha (1986ifieérb7 fish species collected
from Karnali River. They also observed their dimiition in the river. Khatri (1986)
reported Bishnumati is highly polluted than BagnRitrer. Okino and Satoh (1986)
classified Lake Rara as oligotrophic. Nakanash8@)9nade study on Phewa, Begnas
and Rupa lake of Nepal. Yadav (1986) study on efiepH on some Osmoregulatory
organs of the fistChanna punctatus (Bloch) in Nepal. Aizakiet al. (1987) made
study on high altitude Lake of Nepal. Gopal (198W)died the impact of water
hyacinth in wetland diversity. Environment Impa¢ud®/ Project (EISP, 1987) study
focused on the effluents discharged by leather tanding in Birganj, Bhairhawa,
Kathmandu. NAST (1987) examined paper mill effligeaon the local biotic systems
of Narayani and Orabhi rivers as well as water qualf rivers located in central terai
region of Nepal. Karki (1988) studied some of lifogical aspects of selected water
ecosystem of Udaipur. DSIVI (1988) made pollutionnitoring of Bagmati River
found highly polluted. Pradhanangs al. (1988) made water quality study on
Pashupati area found Napit (1988) reported poltugmwoblem of Pasupati area.
Lohmanet al. (1988) analyzed pre and post monsoon seasonaliearin limnology
of Pokhara and Kathmnadu Valley. Mahato (1988) istliccome physicochemical
parameters of a temple tank (Kirtipur) in relatie@m zooplankton production.
Bajracharyaet al. (1988) documented water quality status of Pasghapea. Jonest

al. (1989) carried most extensive limnological sunafy50 Lakes and ponds of
midhills including Kathmandu and Pokhara valley fdufair productivity. CEDA
(1989) also concerned with study of industrialwedfits of jute and iron industries in
Biratnagar. Karmacharya (1990) made study on Bagmar pollution and its
tributaries found increased pollution level fronsRapatinath to Sundarighat.

Most of the dissertations are based on monitoringater quality data. The study by
Vaidhya (1990) and Tennysaa al. (1990) are also focused study on Bishnumati
River. DISVI (1990) had made study on Bagmati Ri&hrestha (1990) made study
on Biological and physicochemical investigationtké Bagmati River with special
reference to water pollution. Upadhyaya (1991) wtath some physicochemical

parameters affecting the zooplanktonic abundansewhge stabilization, Dhobighat.
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Halcrow and Foxet. al (1991) found that river water quality is good uthiey enter
into urban area. Bhandari (1992) reported currdatus in wetland in Nepal.
Crocodile management study in wetlands of Nepad atentioned in Manamdhar
(1991) and Maskey and Mishra (1981), Maskey (1989 ¥992). UNDP (1992) had
made study on Bagmati River found highly polluté&¢PC/IUCN (1992) found values
higher than adopted by Nepal Bureau of Standard Meteorology (1987). Rai
(1988) made study on effects on water quality amdpfankton communities on
Growth of hybrid carp (Bighead carpAristichthus nobilis x silver carp,
Hypophthal michthesis molitrix) in cages NPC/IUCN (1992) reviewed water pollution
at Tukucha and Dhobidhara or Bagmati River foundewaot capable of sustaining
of aquatic life. Baral (1992) recorded 34 plant cspge comprising 6 aquatic
macrophytes and 28 terrestial plants in Ghodagha#le, Kailali. Baral also made
study on wetland dependent birds in Chitwan. Yad&92) studied water quality and
benthic fauna of the feeding river, Palung andastre Chalkher, Thado and Chitlang
of the Kulekhani reservoir. Rai and Mulmi (1992)deabservation of planktivorous
fish species in floating cages of Indrasarobarriese Shah and Giri (1992) studied
the fish and fishing in Arun Basin eastern Nepahetd (1992) reported the
zooplankton of Bhimpokhari pond, Kritipur.

World Bank / Nepal (1993) reviewed the fish occono® in upper zone of Bagmati
river and described the 14 fish species with detngatendency of vulnerable fish
species. Ghos (1993) reported study on physicod&nparameter and benthic
community of Bagmati River. Rundi al. (1993) made investigation of 58 streams
in Himalayan Region of Annapurna, Langtang and E&sterfound 47 taxa of
invertebrates. Mc Eachern (1993) made limnologstal/ey of Devi Tal in Chitwan
district. Rai (1994) studied distribution of zoonltikos in Manohara River observed
greater varieties of benthic fauna in upstreamhiJ@94) reported high value of
BOD than threshold limit in Bagmati. He also hadomsitited water quality on
Bishnumati river report same fact. Stanktyal. (1994) had made study on Bagmati
River found highly polluted. Khadket al. (1994), Raut (1994) found Bagmati river
tributaries slightly polluted. Shah (1994) reportgaimary productivity and
phytoplankton in relation to some physiologicalgraeters of Kirtipur village pond.
In same year, Thapa (1994) made ecological surdeyillage pond of Kirtipur
reference to water quality and zooplankton. WMI ahRdCN (1994) found
productivity of oxbow Lake to Koshi Tappu was epti@ category. Mahato (1994)
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studied abundance and percentage distribution oplaokton in sewage disposal

pond of Dhobighat, Lalitpur.

Karki (1995) study on Manohara Rivers macroinvedibs found less inveribrates in
the polluted sites. Shrestha (1995) reported nbo iits Gosikunda Lake but high

plankton. Shrestha (1995) studied on Taudaha stuahephysicochemical parameter.
Yadav (1995) studied physicochemical parameter lagothos of Bagmati River.

Shrestha (199) made study on physicochemical paesraed primary productivity of

Taudaha Lake. Pradhan (1995) has investigated adaha pond, Lavapukhu pond,
Bhimpukhu pond found suitable for drinking. BPP 4&B) reported wetland

biodiversity of 51 wetland sites in Terai. Barab9b) reported the algae of Nepal
Subha (1995) and Subha and Ghos (1996) recordeskfisom the Koshi river.

Shah (1996) reported Taudaha Lake with high prodtet Tamrakar (1996)
conducted study on parameter distribution and adwicel of zoo benthos in Manohara
River with related to physicochemical parameterasJ@996) studied on ecological
characteristics of Tamor Lake in CNP on Physicodhahparameter. MC Eachern
(1996) also made study on Devi Tal, Rani Tal, areEaPHO (1996) found quality of
water very poor at Sundarighat indicating higherB&nd Cl ion and value very poor
water quality in Bagmati River. The hydrology diais of Nepal GoN in 1996 also
made study on main wetlands of Kathmandu valleyndoBagmati, Bishnumati,
Dhobikhola, Manohara and Hanumante rivers as hajhevof almost all parameters.
ENPHO (1996) made study on eleven streams in hededrwegion of Bagmati and
Bishnumati River found high macroinvertebrate dstgr and high coli forms.
Bhandari (1996) reported the low Nitrogen contenterai region of Nepal. IUCN
(1996) reported 163 wetland sites belonging to datwe, riverine and palustrine
habitat. Yadav (1996) studied the effect of physimomical parameters on the
distribution and abundance of zooplankton in Tau(fstural) Lake found that the
population density and abundance of zooplanktontidkted according to season.
Yadav (1996) studied on water quality and bioticmowunity of oxbow Lakes of the

CNP. Aryal and Lacoul (1996) reported 19 speciediaoms from Punyamati River.

Bhattarai (1997) made study on wetland plants fa@dhdpecies of wetlands plants in
Bardia. Similarly in Bhandari (1997) reported thmatss of wetland in Lumbini.
Acharya (1997) reported productive nature of Ghoddg Lake and Narkodi Lake.
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Shah (1997) reported fishing is cause of decreasectland dependent birds. Jayan
(1997) made study on Bishazari Lake. Raya (199uhdodegraded water quality in
Bishnumati River by urban sewage and industriakewaBhatt (1997) made study on
physicochemical parameter in Taudaha lake. Bhaf88) recorded 68 fish species
from Morang district, eastern Nepal. Rundde al. (1998) described the micro-
invertebrate communities in the stream in the easkémalayan Nepal. Jack and
Silva (1998) carried out study on Nepalese watetlbg. Mancat al. (1998) studied
the aquatic organisms of high mountains Lakes o@irflbu valley. Baral (1998)
reported high BOD value, low DO and High COD anghhcoliform Bagmati river.
Pradhan (1998) showed very poor water quality igrBati River and its tributaries.
Shrestha (1998) found 65 species of aquatic magteplfrom 7 Lakes of Pokhara
valley. Rajkarnikar (1998) studied abiotic and lmi@omponent of "Tagmaru Pukhu"
in Lalitpur district. Jayram (1999) reported 10€hfispecies of Nepal. Shrestha (1999)
conducted comparative study on the effect of somgsipochemical parameters on
the production and seasonal distribution of zodyltams in the pond no.1 and pond
no. 2 of central Fish Hatchery, Balaju, and Kathcwart showed that zooplanktonic
abundance increased in the summer season thamiarveeason. Only few genera
found regularly while most genera observed weregirtar. There have been notable
works in different aspect of limnology from 197@s 1990s (Shrestha, 1999). Shah
(199) made study on the variation of Zooplalnktonduoictivity of a village pond,

Kirtipur, Kathmandu.

In 21™ century many studies were being performed liker®aa2000) studied water
quality of Bagmati River. Kathmandu from Panchgt@mtChovar found almost all
parameter above WHO limit. Grimmettal. (2000) reported overgrown exotic plants
in water body of Nepal Declining bird populatiorha&ya (2000) reported that the
most urban water extremely polluted and unfit dngkpurpose. Jostet al. (2001)
made inventory on 41 wetland sites in Kathmandueyahnd collected 36 plant
species belonging to 20 families. Similarly, Shnasin 1990 reported different study
in behavior of Crocodile in Karnali River (Shrtezti2001). Shrestha (1983, 1993,
and 2001) also reported study on Crocodiles irewsfit wetlands of Nepal. Shrestha
(2001) reviewed the fishes of Nepal and reportéatal of 182 fish species of Nepal.
Adhikari (2002) recorded 59 and 52 species of aguaacrophyutes in Khaste and
respectively. Pariyar (2002) found major sourceBafimati and Bishnumati River

are domestic raw sewage, industrial effluents,dsald liquid wastes of different
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nature. Vaidya (2002) described macro-invertebrasea measure of water quality in
upper Bishnumati stream, Kathmandu.Poudel (2002)entpuality study of Bagmati
river found maximum pollution. Prashad (2003) matlely on Taudaha lake with
effect of Limnology. Ingrid and Cox (2003) studitee distribution of diatoms as an
indicator of environmental conditions in 235 streaph mountains and hills of Nepal.
Ranijit (2003) described the distribution of micosfl and fauna in the mountainous
rivers of Nepal. Pokharek al. (2003) concluded DO of water was very less of 2.94
mg/It at Pashupati area and at Tinkune area. Aen@§03) found eutrophic nature of
Taudaha Lake. Rajbhandari (2005) made study on r@engxperiment on
Physicochemical parameter of water Kathmandu, Nefdirestha (2005) had
submitted water quality on Bishnumati River. KoagR007) in Sirsira River Birgunj
found magnitude of parameters not complying with @/standards. Thapa (2007)
reported water quality, waterfowl diversity and i&ap on wetland dependent birds in

Jagadishpur reservoiur.

1.4.2 Study in Rani Tal
Bhatt and Shrestha (1973) reported the high coeeoddhePistia straoites in Rani

Tal area

Scot (1989) in “Directory of Asian Wetlandsfeported that Mahakali River,
Chaudhara River, Rani Tal and Sikari Tal as keylamels of SWR. These wetlands
were reported to be contained of endangered Ghagatamp deer, Marsh Mugger
and Smooth coated Indian otter as key species.d&otreported the high dominance
of invasive specieBistia straoites in Rani Tal.

Suwal and Shrestha (1992) reported that Rani &ed'as decreasing day by day due to
vegetation succession and reported vegetation ssioceas main threat in Rani Tal.

They reported about 150 ha has turned in to thestmad due to vegetation

succession. They reported Rani Tal as very mucloitapt for the wildlife and

waterfowl conservation.

BPP (1995a, 1995b) conducted the survey in techaissistant of government of
Netherlands reported different types of the littorsra-littoral vegetation, Marsh and
adjoining terrestrial vegetation together with fighd bird species in Rani Tal. It is

eutrophic Lake had found to be 8.1 pH with D.O & gpm. The lake is up to 4 meter
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deep. The Lake was reported to be rich in herpet@fand fishes and supporting of
large population o€rocodylus palustris. Three species of turtles were reported from
this area. BPP (1995a, 1995b) in its inventory eral Wetlands reported 27 wetlands
in Kanchanpur district among them siltation andirsettation processes were found
to continuing on in the Rani Tal. They also repdrteat 70% of the Lake area is
covered withPhragmites karka with dominatedSachharum spontaneum around the
bank. The remaining water body mostly coveredNyynphia, Hydrilla, Valleseria
and Pistia straoietes. Beside this many species of water plants Wkendo donax,
Combopogon martini, Eulaliopsis trinata, Imperata cylindrica, Sachharum mungia, S
spontanium, Themeda species, and Vetiveria lawsoni found to be colonizing the Lake
area. They reported Lake as wintering area for waterfantl different migatory
species likeArdea purpurea, Ardeola graysi, Egretta alba. E intermedia, Nicticorax
nicticorax, Sarkidiornis melanotos, Parrage ungrants and winter visitors include
Anas clypeata, A. platyrhynchos, A. acuta, A. quaquidala, A. strepera,
Ephippiorhynchus asiaticus, Motacilla cinera, Phalacrocorax cabro and P. niger.
This wetland is very important for wildlife such asis axis, A. porcinus, Cervus
durauceli, Lutrogale perspicillata, Panthera tigris. The Lake was found to supporting
the viable population o€rocodylus palustris and protected reptile speci@gthon
molurus. BPP (1995b) on its survey also reported that neesmtion measures had
been taken in Rani Tal the Lake is diminishing day day. But park officials
considering of probability of re-diverting Chaudadiver bank in to the Lake.

Baral (1995b) reported a pair of Black-necked S{&jbhippiorhynchus asiaticus) in
Rani Tal in January and single birds were notiédtarch 1998 (Baral, 1997; 1998)
and since then there are no known records of tinlsflom Suklaphanta. Baral and
Inskipp (2009) reported that Rani Tal is the latgasd potentially the most
interesting of the Lakes. According to Baral anskipp (2009), a female type young
Jerdon’s Bushchat was trapped near Rani Tal in 2@@&ating the species had bred
nearby which is now thought to be a rare and I|dwakding resident in Nepal.
Jerdon's Bushchat is rare elsewhere in the Indidrcantinent and threatened by
habitat loss. Blue-breasted Quaofurnix chinensis), Yellow-legged Buttonquall
(Turnix tanki) and Grass OwlTyto capensis) are three other grassland specialities
that have been recorded very rarely at Suklaphamdaare nationally threatened. As
well as, the globally threatened and near-threatebieds given above several

nationally threatened species occur on this wetlaBthck Bittern Dupetor
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flavicollis), Yellow Bittern (xobrychus sinensis) and Striated Grassbirdviegalurus
palustris) are residents recorded frequently at Rani Tal (Bamd Inskipp, 2004). In
early May 1982 six wildfowl species including Comck and Cotton Pygmy-goose
(Nettapus coromandelianus), as well as 12 wader species including Greater &g@int
snipe Rostratula benghalensis) and the rare passage migrant Long-toed Stint
(Calidris subminuta) were seen here. By comparison, habitats for dunkisveaders
were much reduced in April 2001 (Inskipp and Inpkig001). He also reported that
in April 2001 less than 10 % of the water at Raal flemained open in contrast to
1982 when a considerable water area was free dacgurvegetation (Baral and
Inskipp, 2009).

Bhandari (1996) reported that Rani Tal as importént thatching grass and
recreation. Bhandari (2009) reported same areahferRani Tal on “Preliminary
inventory of Nepal's wetlands”.The major threatsurid are siltation, and
sedimentation. In his rank of threats with optioighl poor, fair, average and
excellent, This Lake categorized to high rank afegiten. He also reported that
Kalikitch Tal, Lalpani Tal of the SWR i€rocodylus palustris rich area (Bhandari,
1996).

MC Eachern (1996) studied regional and seasonahctaistics of water chemistry,
algal biomass and nuitrient limitation in differdrakes of Nepal including Rani Tal,
Gaindawana Lake, Ghodaghodi Lake, Beeshhazar LaleKashi Tappu during

(1993-1995). On basis of Total phosphorous andlT™iteogen, he categorized Rani
Tal as eutrophic Lake with compare to the tropitust given by Foresberg and
Ryding 1987.

Lohani (2000) made detailed study on Conservatiablpm of SWR reported Rani
Tal as rarely seen Marsh Mugger area with manytsgadeer, Wild boar, Jungle
Fowl with occasional Swamp deer. This place is lpnesited by the wild Elephant
and Rhinoceros. He reported the rain carries raithfwest of the Lake which is little
bit sloppy by which, The 18 hectare of Rani Tal maduced to the 7-8 hactre.
Southern region of the Lake found highly encroachg&hragmites karka. Because

of Massive amount of lotus growing in Lake the mdrmake dependent birds get

drawn. Rani Tal is good habitat of tiger. Dam weparted as the corridor for the
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many wildlife particularly tiger. Four tigers wereported at once from dam site of

this region.

Thapa (2007) made study on survey of parasitic iafectious diseases in wild
animals and livestock in SWR found prevalence & #ndemic parasites and
infectious diseases in wild animals like Rhinos|dAboars, Spotted dears, Swamp
deer’s and blue bulls. For the case, he also ntegbdcterial analysis of water quality
in different water body of SWR. He found the negatbacterial growth on water

culture of Rani Tal with pH range of 6-7.

Chand (2007) reported Rani Tal as the most thredtdrake of the reserves area
because of the size and depth of lake is reducuggtd continuous siltation and
domination of aquatic flora. This problem is recgcithe habitat of the migratory
birds, water birds, fish along with Marsh Muggemdarsther wild animals that live

their around the Lake.

Pokharel and Sang Ho Jun (2008) made study ont#isit and environment change
of two wetlands (Rani Tal & Solgaudi Tal in the SWRestern lowland Terai,
Nepal). On soil analysis, vegetation sampling aatewanalysis revealed that the soill
type is mixed with different soil texture class8sil in Sal forest area of the Rani Tal
is very strongly acidic and Solgaudi Tal is neargutral. OM and Nitrogen content in
soil were low and high phosphorous in both the @arBakharel and Sang Ho Jun also
performrd micronutrient analysis of the soil rewshthat Mo, Zn, Cu and B content
was low. Water pH value indicated that both thesvaére lies within the acceptable
range. The DO from the Rani and Solgaudi Tal wasdo3.13 mg/l considered to be
favorable for aquatic life. A total of 64 specidsvegetation were recorded from the
surrounding habitats of the two wetlands. Out ast#) 30 species were trees, 26
species were shrubs/climbers and 8 were grassehehd. Whereas a total of 7
mammals, 2 reptiles and 14 bird species had bemmded from the area.Their field
experience indicated that the local community ettellegally in the area for fishing
and fuel wood for their daily needs. The illegahtan intervention was one of the
serious threats of wetlands and the natural threee siltation and vegetation
succession. Therefore, to prevent the Tals from phedictable tragedy detail
scientific study was needed. They emphasized tblgfa8di Tal and Rani Tal could
be developed as the demonstration site for congemvaeducation on wetland
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habitats. It was essential to develop the sitethastourist attraction and generate

revenue which ultimately leads to raise the qualitiife of local community.

1.4.3. Study on Invasive species in Nepal

Oli (2000) reported highest number of invasive diguaeeds (6 sps) in Rupa Lake
followed by Beganash (5 sps), Dipang (4 sps), kagtsps), Tal Khola (3 sps),
Gunde (2 sps) notable plants likdydrilla verticillata, Potamogaton crispus,

Potamogaton pectinus, Eichonochola colona andPanium repens.

Tiwari et al. (2005), IUCN, Nepal on Field Survey reported daling common
wetland invasive alien species in Nepal.

Table 2: Ecological status of alien invasive specien Nepal

S.N | Name of the species Density (pf)ifrequency % | Coverage%

1 | Alternanthera philoxeroids 0.12 3.33 1.28

2 | Eichornia crassipes 0.84 83.33 10.42

3 | Ipomia aquatica 0.33 18.81 1.80

4 | Leersia hexadra 0.70 7.14 1.04

5 | Myriophllum aguaticum 0.02 6.2 2.14

6 | Pigtiastraiotes 0.20 6.33 0.92

7 | Ipomia carnia ssp fistulosa 0.8 29.95 14

(Source: Tiwarkt al. (2002-2003, IUCN Nepal)

Chhetri, (2006)made study on the impact of the invasive specieshe wetland
birds of the Beshazari Lake in the Chitwan distride found about 70% of the
invasive alien species coverage in the Lake hasechserious problems in the bird
species. The results revealed that invasion of IA®Pwetland area caused the
reduction of Wetland dependent bird species and tttal individuals due to

substantially reduction of foraging and breedingugds.

1.4.4 Study of Mugger Crocodile in Nepal
According to Groombridge (1982); Whitakar and Wki#a(1989); the population of
the Mugger Crocodile in the CNP was estimated ta0ge

Shrestha (1983) made study on the Gangetic DolghihCrocodile in Karnali River

system focusing on microscale study of the impdctiver wildlife. He estimated
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altogether 9 Muggers population in Karnali. Althbutpe study was concentrated on
the Karnali River the investigator also carried tig studies on Babai River on
opportunistic basis. In Babai River he reportedMiygers. The Crocodiles in Babai
River were found to be affected by the water usgepts like irrigation and flood

control. Shrestha also mentioned that Crystal clesier, Neutral water, High oxygen
content, High total dissolved solids, Current vélpoand deed flow, Exposed windy
sand banks with steep sand bank bars inclined ¢beaof the 45 to 60 degree,
Basking promotories of rock or elevated cliff, Riv@oken to the sister river creating
ideal islands which include zone of the escapenduwinter seasons, Number off
feeder streams at vicinity of Main River with teagniabundance of fish population so
as to supplement Shortage of fish food during mons&iver bank free from the

human activities so such as stone quarrying, loggssportation, fishing and boating
activities, Loose humid sand banks and mud flagalidor egg depend, incubation
nesting etc, River bank covered with extensive tagm to meet shade and cover

needs are habitat needs for the survival of Crdeadihis report.

Mitchell and Zug (1986) reported occurrence @focodylus palustris in different
wetlands of Chitwan district in study of reptilasdeamphibians in Chitwan district of
Nepal like Beshazari Tal, Lami Tal and Narayanerietc.

Harry et al. (1992/1993) made survey through out the world tbawailability of
survey data orCrocodylus palustris in 6 countries where 2 countries have basic
survey data and 4 countries having no survey ddtay found habitat degradation
and illegal hunting as main threat to Mugger Craleodn their survey Iran, Pakistan,
Nepal, Bangladesh found to be survey not plannddhwé India and Srilanka found
to basic survey data. According to status, In Nepa Bangladesh habitat of Mugger
found to be severely depleted and in Pakistan,alrahd Srilanka found to be
depleted. But Iran is unknown for presence manageri®eotection only was made in
the countries Iran, Pakistan, Nepal, and Bangladasti Srilanka (with restocking

programme).

Shrestha (1993) on his study on crocodile from 1@87989 reported the Crocodile
hunting and over fishing by Rajis, Sunaha and Magh{arnali is main threats to the
Crocodile in Karnali area. Fishing activity at t@hisapani area of Karnali River is

found to be exterminating the both species of trmc@ile. In his study he found that
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the tribal hunter of the Karnali first locates tiest of the Crocodile during day time.
At the dead of night, they return to detect nestrdung female by a torch light along
the riverbank. As reflective tapetum of Crocoditgew due to effect of light, the
poacher move near the animal. If animal does natenaovay they kill her and collect
eggs sell at 500 NRs per egg. He also found thatddiile hunter prefers male
Mugger and Gharial Crocodile because dried penaohals used as medicinal value

and aphrodisiac.

Andrew and MC Eachern (1994) mentioned in theirkb@@rocodile conservation in
Nepal” that, By early 1970’s Gharial and Mugger €ile species of the Nepal were
reduced to the isolated remnants due to over dafitam prior to the protection,
habitat loss, intensive fishing and more recenttgriference of the river courses by
barrage construction. At present there estimatdzet@0 Gharials in wild and 140 in
captivity. Similarly estimated 120 to 150 Muggenswild and 99 in captivity were
reported.

Smithet al. (1994) made study on aquatic biodiversity of Kéirand Narayani river
basin of the Nepal from 1993 A.D to 1994 A.D repdrbccurrence of the Mugger
Crocodile in Karnali and Narayani river basin.

BPP (1995a) reported the presence oC28codylus palustris from Beeshazari Lake,
Chitwan, Probably 20 or at least 15 from Ghodaghadke, Kailali. Beside this the
presence ofCrocodylus palustris from Lami Tal, Mauna Tal in Chitwan and
Jagadishpur reserviour, Kapilbastu. It also remgb&edead cases from Betkot Tal,
Kanchanpur, Chidia Tal from Kailali, Koitaha Tal,akkali, Narcodi Tal, Kailali

Patriyani Tal, Kanchanpur and Rani Tal, Kanchamupports viable population of
crocodile. BPP confirmed the presenceGobcodylus palustris in Devi Tal, Thulo

Lami Tal, Beshazari Tal in Chitwan, Ghodaghodi Bbglobservation of 3, 2, 2, 2, 4
and 2 numbers of Crocodile. BPP (1995b) also meato20 number of Mugger
crocodile from public information from Beeshazaakie, Chitwan. In their survey,
they observed 6 Mugger Crocodile from Beeshazakel &robably 20 or at least 15
from Ghodaghodi Lake, 2 dead cases from Betkot They reported 4 Mugger
Crocodile in Devi Tal area Chitwan. Other LakesliRrakashpur Ghole (Sunsari),
Thulo Lami Tal, Tamor Tal (Chitwan), Jagadishpwenwiour (Mugger used to enter

in reservior), Chidia Tal, Kailali; Nacrcodi LakKailali; Patriyani Tal, Kanchanpur;

33



Betkot Tal, Kanchanpur; and Rani Tal in Kanchanpmported as Mugger finding

areas.

Sharma (1997) made study on the status of the @ileccaptative breeding in CNP
under support of WWF Nepal from October 1996 to dat997. He reported the
mortality of the hatchling in breeding centre isywhigh. In 1996, 206 hatchlings out
of 274 died within 9 month period in Gharials. lase of Muggers, the situation is
even worse. Only 5 individuals are in captivity alldnew 294 all new hatchlings of
1996 died. In 1997 only 5 Muggers stock in capgidnd 152 Gharials in captivity.
The management aspect of the project is found todbehriving as breeding project
has released 51 Gharials and 100 Muggers from 1®8D96. From 1986 to 1996
hatchling percentages of Gharials is 53.33% (3% e¢g@08 hatchlings) and Mugger
Crocodiles have 54.28% hatchlings (304 eggs tohEdéhlings). The survival of the
Gharial from starting is found to be 22% and swaligf Muggers is found to be
10.6% but the survival of Gharial in nature is 2@f@ Muggers have more than this.
In Captitive breeding centre researcher reportatttiere is no control in hatchery to
hatch collected eggs, No appropriate size of rggpwol, Inappropriate basking yard,
No deep breeding pool, Lack of sufficient trainednmower, Low quality stagnant
water in hatchling pools, Limited food supply anddncial problems. In context of
Chitwan, researcher reported the cause of the aseresn number of the released
Crocodiles in wild is not only the mortality, theatdak barrage is also the cause.
When an individual migrate to the India through tipeen door of the dam they never
return to Nepal due to the high current of the oégal water. On other hand the
barricaded water due to the dam covers the neatidgbasking sites of Crocodile.

Thakkulla (1999) made the survey of the herpetadaand their local uses in
Ghodaghodi Lake area of the Sukhad in Kailali distieported the 36 speices of the
herpatofauna. He also reported the occurrence ef Gtocodylus palustris at
Ghodaghodi Lake area.

Shrestha (2001) mentioned in his book “A Field guid the amphibians and reptiles
of the Trans- Himalayan region of the Asia’ thae thopulation of the Mugger

crocodile both in nature and captivity were estedato be 120-150. Out of the 47
individuals in the Karnali and Babai, the populataf both in the captivity and nature

not increasing because of the poor managementciplenthreats to Crocodiles are

34



incidental catch in fish nets, egg collections, qggdation by animals, habitat
destruction and hunting use of the Crocodile pds medicinal purpose
(Groombridge, 1982). Largest number of Mugger Cdileofrom Nepal found in the
Narayani and Rapti rivers within CNP. Muggers asebelieved to inhabitant Karnali
River but may be found in its tributaries (Thorbjarsonet al. 1992). Shrestha also
mentioned that hunting of the Crocodiles is prdbityi in Nepal but this protection
appears to only applying to the Gharials not enoleghMuggers and which is not
legal protection to out side of the National Paak&l Wildlife Reserves of Nepal
(Andrew and MC Eachern, 1994).

Mishra (2002) made alternative Mugger study in kdirrBabai in Bardia National
park and in CNP for his survey of the Gharial Cdilto He made the alternate survey
in 7/7 days for three times in each river areardumlay hours. He also reported
Maximum number of 8 Mugger Crocodile in Babai Riv&uring his survey he
reported no Mugger Crocodiles in Karnali river aga maximum 9 numbers of
Mugger Crocodiles in Rapti River. In total he regedrGharial population more than

Mugger population in Karnali, Babai and Narayamicaof Nepal.

Bogati (2003) made survey on the population statusconservation measures of the
Mugger Crocodile in Lami Tal area of Chitwan distriHe reported maximum
number of Crocodile in the sandy soil bank dueh® duitable condition for basking.
Grassland and erosion bank had life significatibthe Mugger. The seasonal status
of the Mugger Crocodile population size and statas determined. In winter’
crocodile found to be 19, in  summer 16 and 1monsoon. Flooding, filling and

siltation in the Lake was great problem.

Rai (2003) made study on the distribution of theph®ofauna in Eastern Nepal found
0.4% of occurrence of th€rocodylus palustris out of 702 species of herpatofauna
recorded from eastern Nepal. He repor@dPalustris from Sunsari and Saptari of

Eastern Nepal out of 130 species of reptiles report

Shrestha and Shrestha (2008) made assessmentpetdiauna in the SWR area by
including riverbeds, forest areas, wetland and Bharea of the Shuklaphata area.
They encountered 160 reptiles with 20 differentcggee Among which he reported

altogether Crocodylus palustris. During his field survey he reportedGtocodylus
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palustris in Kalikitch Lake area, 2 in Malumela- Chaudhaxer area, 3 in Pipariya —
Mahakali river, 1 in Bahuni river and 1 in nearbgriR Tal area. In the reptile survey
percentage occurrence of tBeocodylus palustris is 8.49%. They also recorded the
average P of stagnant water in Shuklaphata as 6.9 and agemgperature of 26.
They focused Rani Tal, Kalikitch Tal area of theuldaphata areas dying out Lakes
and recommend to be paid due attention. The rateeosedimentation in the Lakes

should be checked and management for the habéaépration of herpetofauna.

WWF Nepal (2008) make monitoring on the populastetus and distribution of the
Gharial Crocodile in Nepal focusing on the Karn&lashi and Babai river in CNP,
BNP and KWR of Nepal reported 81 species of GhaBdsfrom Narayani river and
24 from Rapti river in CNP, and 10 individuals frddabai river. The survey also

reported 17 Muggers from the Babai River sharingtaawith Gharials.

CSUWN (2009) had also recorded 12 Marsh Mugger @tibes and their nestling
sites within Ghodaghodi Lake complex area.

From literature review it is concluded that in Niefree study on Mugger Crocodiles
are limited. Even in present study site there isspecific studied made on Mugger
Crocodile.

1.5 Rationale of study

In Nepal, no more studies have been conducted enMhgger Crocodile with
reference to status of wet lands. Most of studiadarfrom the government sides and
scholars were only based on inventory basis ofamd and biodiversity assessment
of them. Among those, some selected studies beadenn the Rani Tal like BPP
(1995a, 1995b), MC Eachern (1996), Pokharel and) $emJun (2008) could not give

all round information on Rani Tal.

As we know that Western Terai contains the divemsitthe species of flora and fauna
under IUCN and CITES categories for conservatiooNG2002b). Among them,
Crocodylus palustris is one under vulnerable categories of CITES. FH®mprevious
studies made on Rani Tal like, BPP (1995a), MC Eath(1996), Scot (1989),
Bhandari (1996), Lohani (2000) and Chand (2007ds reported that Rani Tal
along with the Lakes inside SWR are also the magmbitat for theCrocodylus
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palustris. But studies are lacking in this vulnerable spg@reRani Tal areas or even
in western Terai landscape. So firstly, the Raniwas being selected for the study to
know all round status of lake and Mugger Crocoditepending in Rani Tal.

Similarily, Rani Tal is getting invaded day by ddwye to the alien/native floating and
surface vegetation according to Bhatt and Shrgdi®a3) Suwal and Shrestha (1992)
and Baral (2009). The water quality is also degrgdiay by day (MC Eachern 1996).
As we Know water quality is determinant of organisamvival and growth. Thus its

time should be near to get information for stathisvater quality, cause of invasion,
suitability of water quality for Mugger Crocodilenélling there and their number

presence with present and possible threats.

Furthermore, this research may be guideline firgtdy the Lake management,
preparing policy and plan for conservation @frocodylus palustris to the

governmental sectors, and INGOs, NGOs workingefdfof conservation in Western
Terai. Secondly, in term of Water quality, sedinaentanalysis, encroachment of
invasive species and about statugCobcodylus palustris in the Rani Tal, this study

might guideline to the researchers for further gtud

1.6 Objectives of study

The broad objective of study is to assess thestHiOrocodylus palustris at Rani Tal
in SWR, Kanchanpur, Nepal.

To fulfill this broad objective following specificbjectives are made:

To find population of Lake dependddtocodylus palustris at Rani Tal area.

To check status and cause of water quality in Rahi

To assess either water quality in support for v Crocodylus palustris or not.

To identify present threats and predict possibteats to Rani Tal an@rocodylus
palustris at Rani Tal.

1.7 Limitation of Study
Insurgency and strikes in country and seasonal heegbhenomenon like heavy
rainfall during the monsoon season and fog durimgtex disturbed the scheduled

activities of the study.
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CHAPTER 2
MATERIALS AND METHODS

The study was conducted for one year from June 20@8ine 2009. Seasonal water
analysis was made in the Lake, for which data ofisnon season, winter season and
summer season was taken after fixing the suitatde ®r sampling in June 2008. For
winter season, field visit was made in Februarygést for monsoon season and
May/June for summer season. Inflow, outflow and d.akater body were reached

with using boat.

2.1 Sitewise map of study area

Site 1

LEGEMND

B Forest Land 0.5 0o 0.5 1 Kilometers
I Pond — !

(===l

Srass Land Scale

Figure 3: Sitewise map of study area
Where \4, V; and \4 are vegetation sampling sites abd Site 1, 2,8)d45 are water
sampling sites.

2.2 Methods of data collection

2.2.1 Pilot survey and site selection

Pilot survey was made in June, 2008 for the seleaif sites to water sampling and
possible habitats of Mugger Crocodiles in Rani di@a. The sites like sunny place,
shady place areas with comprising whole Lake badyuding inflow and outflow
sites were sited. The inflow site and dam site wepsrted as good basking place of

Mugger Crocodile. As its get difficult to go insitlee Lake due to high plant coverage
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like Phragmites Karka and other tall grasses in reeds and periphery. Wdtter of

somewhat open sites only was sampled.

2.2.2 Primary information
Primary information about the Rani Tal, Lakes ofulhphnata and Mugger
Crocodile present in them and Issue related tor tbenservation was collected

through the questionnaire survey (Annex 20).

2.2.2.1 Questionnaire survey

A well modeled questionnaire (Annex 20) was usedidentify the threats to
Crocodylus palustris at the study sites and output was drawn by ine@rvivith
management members of SWR and frequent visitors fotd gamescouts, peons,
Army members, technical appoints and others. T20#R0 questionnarie with non
end and end types were filled up with the park mems\bfrequent visitors for the pre
information of the Muggers, its population and othtatus at past in Rani Tal. The
guestionnaire survey about 20 was also made irettldic community near Rani Tal

area like Beldadi, Rauteli Bichuwa, and Rampur &la for knowing illegal activity.

2.2.2.2 Interviews

Interviews were made to understand status of Rahamd Lake dependent Mugger
Crocodile with different park personnel’'s, army ftand previous dweller of

Bichuwaphanta, Singhpur and Suryaphata togethdr fréiquent visitors from past
long years. Mentioned area was not in Reserve deafgtension of buffer zone and
SWR area. People of mentioned area are now dwellin@eldadi and Rauteli

Bichuwa areas of SWR buffer zone at Rani Tal.

2.2.2.3 Direct observation
Direct observation was made to study general backgt of different sites of the
Lake.

2.3 Sampling methods and Sites
2.3.1 Sampling sites for water
For water sampling the inflow site, outflow sitedacentral Lake body were sampled

separately (Figure 3).
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Site I It is the inflow site of the Lake contained hidiversity of tree an®hragmites
Karka. It is area where the Hagnia Khola flows. Hagnteola not contribute regular
water to Rani Tal but intermittently support forteainput because it has no regular
flow and get dry during less rainfall period. Wentsite of it have forest cover and

eastern site have grassland patch with Rigtagmites grown.

Site 4 It is the outflow site of the Lake which conta@m/ an earthen embankment
over 600 m long and 3 m high which help to tragm@ér quantity of monsoon rain
and so significantly raise the water level of thaké. It has high coverage of the
Phragmites Karka and many of reed beds. This included High amof@imeeed beds
were presented in this site. The open embankmepesl|here were good basking
place for Mugger crocodile.

Site 2, 3 and 5 These are area respectively western and eastedienpart of the
Lake also contained of high diversity of tree amdbis along with high coverage of
Phragmites karka, Sachhrum spontanium, Imperata cyllindrica and Arundo donax
etc Almost more than 80% of this site contains the hdgherage of plants likBistia
straoites, Nymphea Nouchali, Trapa quadrispinosa and Nelumbo nucifera species
during monsoon and summer season .The site foumgwsbat open during winter

season.

2.3.2 Water sampling

High density plastic bottles/sampling bottles offeient sizes were used for water
collection. They were rinsed in water to collectevaThe collected samples were left
air tight so as to check the external influenceaPeters like P, Transparency, Total
alkalinity, Hardness, DO, Free Carbondioxide andofdhe content were analysed
after collection of water soon. Some parameterg likotal Nitrogen, Nitrate,
Orthophosphate, Total phosphorous etc were analpskboratory. After collecting,
the sample was adjusted with concentrated Sulfagid less than 2"pand samples
were preserved in ice. Collected samples were thgge taken to lab for analysis.
Similarly, for the determination of the Potassiuime sample was adjusted witH p
less than 2 of Nitric acid by following APHA, AWWAVEF (1998).
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2.3.3 Bottom sediments and Site Soil samplings

Same site of the water samplings were selectethé®osampling of bottom soil. For
sampling of site soil, the site soil was such atéld that it would cover the water
sampling area and vegetation sampling area. Bosoiment sample were collected
by using grab sampler. But, for soil sample foratagon, soil is collected randomly
below 10 cm of surfaces from different sides of st directely (Jackson, 1967).
Samples were then collected in polythene bagse€eldl soil sample was brought to
the laboratory as soon as possilfiéer then, Soil was completely dried for 48 hour
at 70° C and stored at low temperature at short periodnaé. Soon after drying,
stones and other materials were picked up andigdgnelas made in a grinders taking
care that no breaking of the actual soil partieldstake place.The textural analysis
was made by standard methods. Soil is then pabksedgh 2 mm sieve for further

analysis of physicochemical parameter.

2.3.4 Vegetation Sampling

Same site of the water sampling was selected &éséimpling of the vegetation which
encompasses Site 1, 2 and 3 comprising most ofrwsmplings area. Site 1
comprised the NW area of inflow site of the Laké&e S and 3 comprised of the
western and south western area of Lake. Easterrfsigst of Lake was difficult to
reach due small patch of grassland covered heaatty Phragmites karka hence was
not considered for vegetational analysigre tree analysis was made in all three sites,
climber analysis in 2 sites, floating vegetatioralgisis in 3 sites, marsh vegetation

analysis in 2 sites.

Data collection was made with quadratic method rialyze the vital statistics of
forest. The stratified random sampling method wsedun all transects. Analysis on
the floral diversity of each quadrate was carried m randomly laid quadrates.
Requisite size and number of the quadrates wemrdeted by species area curve
method (Mishra, 1968Parameters like coverage were determined by scafmped
by Daubermine (Daubermine, 1968).The data collactar frequency, abundance,
coverage dominance and diversity of native andnalievasive species and
surrounding vegetation were made on basis of stdnai@thods given by (Zobet
al.1987 and Odum, 1986). Qudrate size was deternbgadsing species area curve.
To make the study the quadrate of size 30 m x 30rrtrees, 1 m x 1m for grassland

herbs /Marsh vegetation were laid down. Ecologgalvey was also carried out to
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find out current status of the IAS. The quantitatidgata of IAS such as density,
frequency and converge were collected randomlyuadoate sampling methods with
all floating plants using quadrate size 50 cm xB0 For marsh vegetation and

Floating species of plant, almost 10 quadrates Vegdedown in each site and
their average was taken to calculate quantitatharacters. Same site of tree

sampling was used for sampling of climbers wittame quadrate.

Most of the plant species were identified at theddfiwith the help of local names
provided by local people and standard referencair(®n and Polunin, 1987;
Stainton, 1988 and Shrestha, 1998). Unidentifieztigs were collected, tagged and
identified by consultation with taxonomist correcientific names and other citation
were made with the help of Haggaal. (1978), Hara and Williams (1979) and Preiss
al. (2000).The invasive plants were identified with help dierence books (Tiwaset

al. 2005) and suspected unidentified species weresguesnder herbarium and taken

to lab for analysis by reference books and experts.

2.3.5 Water analysis

All the physicochemical parameters (except Totdiddien) determined according to
the methods described in APHA, AWWA, WEF (1998)eTlrotal Nitrogen and Total

Phosphorous were determined as the method predcibéhe Trivedi and Goels

(1986).

2.3.5.1 Color
Procedure: The color was directly observed by taking watengla in a Petri dish

above white paper.

2.3.5.2 Temperature

Procedure: The temperature of the Lake was measured by dipthe bulb of a
mercury thermometer in water. At surface, threeeolsions were made at 30
minutes time interval to obtain the accurate temjpee and the average water

temperature was obtained. The temperature was meebso the Celsius scale.
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2.3.5.3 pH

Procedure For measuring the pH value a beaker was filletth whe collected water
and the battery operated pH meter (pH -j-251w igjiffvas dipped in the beaker up to
the level marked in the pH meter and reading wascdo

2.3.5.4 Electrical conductivity
Conductivity is the measure of the capacity of sase or solution to conduct the
electric current. Conductivity is highly dependentthe temperature and therefore is

reported normally at 2%C.

Procedure The instrument used to measure the conductivith@water sample was
a digital conductivity meter (Model 4150 by watgeshd accuracy of £ 5%) The
instrument was first brought in conductivity motlen the electrode was washed with
distilled water and then dipped in to beaker contgy the water sample. The
conductivity reading was noted down after readiadpiized certain point.

2.3.5.5 Transparency

Procedure: The transparency of the water was measured byg @asBechhi disc of 20
cm diameter divided in to black and white quadramte disc was lowered in water
and the just point where it disappear was notee@ disc was further lowered and
began to rise and the point where just it reappeas noted. The distance was

calculated with help of those marked points andgjparency was calculated as
Sechhi disc transparency (Cm)—'Aéer—B

Where A = Depth at which Sechhi disc just disappear
B = Depth at which Sechhi disc justegp

2.3.5.6 Dissolved Oxygen

Procedure

Winkler's Method: The basic concept of the iodemetric method is itad ihe
Oxygen in the water with which lodine which is ded as result of the chemical
reactions the chemically bound DO is quantitativetyasured by titration with

Sodium thiosulphate.
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The DO was determined by the standard Wrinkle'shakt The sample water was
filled in the BOD bottle (glass stopper bottle)kofown volume (300ml) avoiding any
kind of bubbling and trapping of air bubbles in th@tle after placing the stopper. In
this sample water 2 ml of each Mn&Sé@nd alkaline Kl solutions were poured and
formed the precipitation. Now placing the stopgbe BOD bottle was shaking so
that the contents would invert the bottle repegtetthe bottle was kept for sometimes
to settle down the precipitate and then about 2omtonc. HSO, was added to
dissolve the precipitate by shaking the content.viddw, 50 ml of content of BOD
bottle was titrated with standard Sodium thiosutph@.025N) using starch as an
indicator. At the end point, initial dark blue cokthanges to colorless. The DO can be

estimated by using the formula.
(ml x N) of titrantx8x1000

DO (mg/l) = _
v, x(vl vj
Vl

Where, N = Normality (Strength of Sodium thiosulphate)

V, = Volume of content titrate
V, =Volume of sample bottle (BOD bottle
V =Vol. of MnSQ, and KI added

2.3.4.7 Free Carbon dioxide

Procedure The amount of free C{can be determined by the titration of the water
sample using strong alkali such as NaOH (Sodiunrdyde) to pH8.3. At this pH

all the free CQis converted to the bicarbonates. The completioth® reaction is
indicated by the development of the pink color elstaristics of the phenolphthalein
indicator at the equivalence pH of the 8.3. Fos,tB0 ml of the sample was taken in
the conical flask and few drops of the phenolplgimaindicator were used. Then it
was titrated against 0.05 N NaOH.

Calculation

ml x N) of NaOH x1000x 44
\

Where, V = Volume of water sample taken (ml)

Free CQ (mg/lt)= (

N= Normality
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2.3.5.8 Total Hardness
Procedure: Hardness is caused by the calcium and magnesinsnpiesent in water.
Total hardness of water was determined by EDTA okth
First 50 ml of water sample was taken in a conileak and it was added by 1ml of
buffer solution with Erichrome Black-T indicator.h@&n, it was titrated against
standard EDTA (Ethylene Diamine Tetra Acetic Acidhe solution was changed
wine red to blue at the end point. The working folanis

mlof EDTA use&100

Total Hardness as (CaGAng/l =

Where,V = volume of water sample taken (ml)

For calcium and Magnesium Hardness

50 ml of the water sample was taken in the flask2aml of NaOH (1M) solution was
added. A pinch of the murixiode indicator was adaedit and the solution thus
formed was titrated with 0.01M EDTA immediately linhe pink color changes to
the purple to determine the end point.

Calculation

Ca hardness as Cago Volumeof 0.0IMEDTA usedx1000

Volumeof thesampletaken

Magnesium hardness as CafzOlotal hardness - Calcium hardness

2.3.5.9 Total alkalinity

Procedure: Total alkalinity is the measure of the capacityhaf water is to neutralize
a strong acid. The alkalinity in the water is getigrimparted by the salts of
Carbonates, Bicarbonates, Phosphates, Nitrategté®orand Silicates etc together

with hydroxyl ion in free state.

Total alkalinity of water was determined by Titranemethod.100 ml of sample in a
conical flask with 2-3 drops of methyl orange wamsated against standard, 0.02 N
H,SOy. At the end point, yellow color was changed tdkmolor.

Calculation

ax N x1000x50

Total Alkalinity (mg/l)= v

Where, a =Volume of standard }$0O, used in titration.
N =Normality of LSO, used.
V =Volume of water sample taken (ml)
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2.3.5.10TDS, TSSand TS

Procedure The desired sample was taken and filtered witlp loé Hotman's filter
paper before which filter paper was dried and keptesiccators for absorption of the
moisture. The initial weight of it and weight withsidue was also measured. It was
oven dried at 180 degree for few hours. The finaight after drying was also taken,
the difference between final weight after dryingdahe initial weight of the filter
paper gives the value of Total Suspended Soliistal Dissolved Solids are
determined by the residue left after evaporationhef filtered sample. For this, the
clean crucible was oven dried and initial weighsuwaken after cooling in desiccators
.The sample was filtered and desired amount afafédt sample was put in crucible.
The filtrate evaporated to dryness and again weighfide difference between the
initial weights of crucible with final weight aftelrying to evaporation gives the value
of Total Dissolved Solids

Finally the total solid is determined by adding tredue of Total Suspended Solids
and Total Dissolved Solids.

Calculation

_(b-a)x1000x.000
(Volumeof sampléml))

Total Dissolved solids (TDS)-= (d-c)x1000x10D
(Volumeof sampléml))

Total Solids (TS) =TSS+TDS

Where,

a=lInitial weight of Filter paper
b=Final Weight of Filter Paper

Total Suspended Solids (TSS)

c=Initial weight of Crucible or Porcelein lras

d=Final weight of Porcelein basin or Crucible

2.3.5.11 Total Nitrates (NQ) or Nitrate- Nitrogen

Phenol disulfonic Acid method Procedure50 ml sample was taken in conical flask
and then equivalent amount of Silver Sulphate (Z11@f§ = 1 ml AgSO, solution)
was added to remove Chloride. Then the content hested slightly and the
precipitation was filtered if formed. Then the rfilte was evaporated to dryness. The
residue was cooled and dissolved by adding 2 mhélhBisulphonic Acid and the

content was diluted to 50 ml. 6ml of liguid Ammanvas added to develop yellow
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color then the reading was taken at 410 nm. Thenctincentration of Nitrate was
calculated from the standard curve.

Preparation of standard curve: Standard curve for the absorbance of Nitrate at
different concentration were made by diluting therk solution of different strengths.
To 50 ml of each dilution, 6 ml liguid Ammomnia waslded to develop yellow

colors.

2.3.5.12 Total Phosphorous

All forms of the phosphorous whether wether dissdler particulate are converted to
inorganic forms after digestution of oxidation aingple. HSO, - HNO; technique of
digestion was used for digestion of sample.

H,SO, - HNOs; method:

1. 25 ml of sample was taken in Kjeldhl flask of 100 m

2. 1ml of Hb,SOsand 5ml of HNGQwas added.

3. The sample was digested in heater till the volumeomes nearly 1 ml and
heating continuedurther until solution becomes colourless after ogai of
HNO:s.

Estimation of Phosphorous

1. 20 ml of distilled water with 1 drop of penoptheldd the digest was added.
The acid was nuetrialized by titrating with 5N NaQMl pink colour was
obtained. Further methods were adopted same as inorganicpRbasIs
estimation.

Ammonium Molybdate Method

50 ml of water used to wash dried sample and takenconical flask, and then 2 ml
of Ammonium molybdate was added and followed bydpd of SnCGlsolution. Blue
color appeared the reading was taken at 690 nm @pextrophotometer using
distilled water blank with then same amount of cloats. The reading was taken
after 5 minutes but before 12 minutes of the additf reagents. The standard curve
was prepared between the concentration Vs absabdimen the concentrations of
phosphate in the samples were noted down by usagtandard curve.

Seperate standard curve for total Phosphoroustaftatigestion of various dilution of
standard solution because chemical used in digest@y affect intensity of

developed colour.
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2.3.5.13 Biological Oxygen Demand (Five-Day BOD Tigs
Procedure: This is an empirical, semi-quantitative methodsdzh on oxidation of

OM by suitable microorganism during a 5 day pepediormed as follows.

Preparation of dilution water: One liter distilled water was taken in a volumetric
flask and 1 ml of each Phosphate buffer, Magnesutphate, Calcium Chloride, and
Ferric Chloride was added and mixed thoroughly.

Sample preparation: 50 ml of water was taken in a 1000 ml volumetrisi and
diluted to 1 liter by using 950 ml of dilution watand then mixed thoroughly. Then
the initial DO was calculated and the diluted samphs incubated at 20 in and
incubator (Sanyo incubator, Item no. 10) for daydetermine its final DO.
Calculation:

BOD (mg/l) = (DQ-DO:s) x dilution factor

Where, DQ = Initial dissolved oxygen during dilution

DOs = Final dissolved oxygen after 5 days incubation

2.3.5.14 Orthophosphate

It was determined with Ammonium Molibdate methoda@kws.

Procedure: 50 ml of water sample was taken in a clean corflagk. The colloidal
impurities and color content were removed by ada@irspoonful of activated charcoal
prior to filtration. Then, 2 ml of Ammonium Molybtla was added to the filtrate
followed by the addition of five drops of StannoGloride. The absorbance was
noted within 5 to 12 minutes after the addition tbe last reagent. Then the
organophosphate concentration of the water sampke abtained by using standard

curve.

Preparation of standard phosphates solution:4.388 grams of dried anhydrous
Potassium Hydrogen Phosphate @RI,) was dissolved in distilled water to make up
a volume of 1 liter. 10 ml of this solution wasudéd to 1000 ml (i.e. 100 times) to

make the standard phosphate solution of concemtraf mg/l.

Preparation of standard curve: A standard curve for the absorbance of phosphate at
different concentration was made by diluting thaecktsolution at different strengths.

To 50 ml of each dilution, 2 ml Ammonium Molybdaé&d 4 drops of Stannous

48



Chloride solution were added. The absorbance df salution, after the development
of blue, was measured within 5 to 12 minutes dfteraddition of the last reagent at

690 nm in the Spectrophotometer.

2.3.5.15 Primary productivity

Procedure: The Oxygen measurement method i.e. “Light and Dmoitle method”
was used to determine the primary productivityhef Lake.

Three BOD bottles labeled as light bottle, Darktlleoand initial bottle were taken.
All were filled with water sample. The light andriddottles were left in the water for
four hours and the DO content o the initial bottlas immediately determined by
Winkler's method. At the end of four hours, thehligand dark bottles were removed
from the water and the DO of these bottles wasroeted.

Calculations

GPP (gm.C.rfthr) = LB,_DB_ XF
Incubationperiod

NPP (gm.C.rithr) = LB_"B —xF
Incubationperiod

Where,

GPP= Gross Primary Productivity
NPP= Net Primary Productivity
LB = DO in Light bottle (mg/L)
DB = DO in Dark bottle (mg/L)

IB = DO in Initial bottle (mg/L)

F = Ratio of molecular masses of Carbon and Oxygér875)

2.3.5.16 Total Nitrogen

Procedure: About 40 ml of water sample was taken in a 10Kjeldahl Flask. To
the sample, 4 ml 50y, 0.3 ml CuSQ@ solution, 6 gm of solid Potassium Sulphate
and 1 ml of 10 % NaCl solutions were added. Thekflaas heated on a heater to
avoid loss through foaming. When the color of tlomtent turned pale green, the
heating process was continued for additional 30utes The flask was cooled and
the volume was diluted to 100 ml. 25 ml of the emtwas kept for distillation after
the addition of 10 ml of 10 N NaOH. The distillatas titrated (in Boric acid + Mixed
Indicator) with 0.01N HCI until the color changedr blue to brown or faint pink.

Calculation
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(a—b) X 001X 1000X 14X D
Volume of sample distilled

Total Nitrogen(mg/l) =

Here, a = ml of HCI used with sample
b= ml of HCI used with blank
D= dilution factor (2.5)

2.3.5.17 Sodium
Procedure: The water sample was filtered with the help akfilpaper (Whatman's
52) and the emission intensity (read out) was nreasuThen the Sodium

concentration in water determined with the helgtahdard curve.

Preparation of standard Sodium solution:2.542 gm of NaCl dried at 190 was
taken and diluted to 1000ml with distilled water.

Preparation of standard curve: A standard curve of Sodium at different
concentrations was made by diluting with the hdlplame photometer (Models PFP

7 and PFP 7/C, Wagtech International Ltd.) ancctireesponding read out was noted.

2.3.5.18 Potassium

Procedure Trace amounts of potassium can be determinedherea direct reading

or internal standard type of flame photometer ateAength of 766.5 nm. The water
sample was filtered and the potassium content pteésdt was determined with the

help of read out (obtained from the Flame Photometed the standard curve.

Preparation of standard Potassium solution1.907 gm of KCI dried at 12@ was
taken and diluted to 1000 ml with distilled water.

Preparation of standard curve A standard curve of Potassium at different
concentration was made by diluting the standardtieoi at different strengths. These
concentrations were measured with the help of FlaRt®tometer and the

corresponding read out was noted.

2.3.5.19 Total inorganic Arsenic

Total inorganic Arsenic was determined by followmegthods
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Procedure: 5 ml sample was taken into the Arsine generatorsamil conc.HCI, 2 ml

Kl solution and 8 drop 0.4 ml SnOleagent; sample was mixtured thouroughly after
each addition and kept for 15 minutes. Glass waad wocked in scrubber with lead
acetate solution taking care that the solution da#sdrain into the generator. Then,
the 4 ml Silver diethyl dithiocarbonate reagenthe absorber tube was taken. 3 gm of
the Zinc was added in the generator and immeadetgipect assembly with all the
air tight. It was kept about 30 minutes for generabf Arsine with slight heating of
generator. The gas will be observed at SDDC readéet solution was now removed
from the absorber and measured the intensity afuccht the 535 nm using reagent
blank as reference. The standard curve was prepansthge of 20.0 microgram to

100.0 microgram. The calculation was directely disam calibration curve.

2.3.5.20 Chloride

Chloride was determined by titrimetric method. lasvdone by titrating 50 ml of
sample containing 4-5 drops of.®r,O; indicator with Silver nitrate (0.014). The
indicator produced light yellow colour which contest to brick red at end pont. The
Chloride was calculated as

Chioride (mg/Ity = (T X N) of AGNO: x1000x 355
Volume of sample used

2.3.6. Bottom and Site Soil analysis

2.3.6.1 Soil pH

50 mg of soil was taken and some distilled watehwiilution about 1:5 was made
and it was stirred for one hour to make the unifonming of the material and then

directly measured by pH meter (Trivedi and Goel@)98

2.3.6.2 Soil Conductivity

1:5 soil suspensions with distilled water were made conductivity measure was
made so that microbial activity could not affect @onductivity was directly
measured with dipping it on suspension of soil made

Conductivity = Observed conductance x Cell consta@ell factor

Conductivity expressed at 26 specifying dilution of soil sample.
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2.3.6.3 Soil Texture analysis

Solil texture is defined as the relative proportadrnvarious size groups of individual
soil particles. The soil analysis was made by Bowps (1927) ie: Hydrometric
method. For this the oven dried soil sample wasdgd in Mortars and sieved sample
was taken in to 250 ml of beaker. 20 ml of Sodivexaphosphate NgPOs)s was
poured. The solution was treated to break the @oinbs. Further sufficient water
was added to make the about 2/8f the beaker. It was stirred well and left fogini

in room temperature. Next day, by the electricatest it was stirred for 5 minutes.
Then, the whole solution was transferred into thyelrdmeter jar (1000 ml) and the
volume was made-up to the mark by adding extrawatee jar was shaken upside
down several times. Hydrometer was dipped immelgiatn the top of soil
suspension and the initial reading was noted &@esec. The second reading was
taken after 2 hours.

Calculation:

Hydrometer reading at 4C

Silt % + Clay % = First reading in 40 sec x (Cotrag coefficient) x 2

Hydrometr reading at 2 hours

Clay % = (Second reading in 2 hours x (Correctioafficient) x 2

Silt %= (Silt % + Clay %) - Clay %

Sand =100 - (Silt % + Clay %)

Finally knowing the % of the Sand, silt and clag 8oil texture was determined from
the "International triangular Chart" used by Unit8thte soil survey Department
(1969).

Soil particle size group are as follows:

Table 3: Soil Texture Classification

Soil Texture Size

Coarse gravel >5cm

Fine gravel 2mmto5cm
Coarse sand 0.2 mmto 2 mm
Fine and 0.02 mm to 0.02

Silt 0.002 mm to 0.02 mm
Clay <0.002 mm

It was determined by simple method.

The percentage values of Sand, Silt and Clay wamilated as:
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Sand fraction = Level of soil settle out for 40 zed.
Silt fraction = Level of soil settle out in 6 hadevel of soil settle out for 40 sec.

Clay fraction = Level of soil in the jar-(fractiaf sand and silt)

2.3.6.4 Soil organic Mater for Bottom and Site soll

The surface soil analysis, just below surface adduicm was done to determine
either runoff from surrounding soil contributing tflee Rani Tal for eutrophication or
not. For the estimation of the OM content of the was made through Walkley and
Black's method (modified) as Trivedi and Goels @98

Procedure

The clear dried soil was taken and passes thrauglsieve of non ferrous screen of
0.5 mm. 1 gm of soil sample was transferred irhadried 500 ml conical flask and
10 ml of the 1 N KCr,0Oy solution and 20 ml of the Conc,$0, which was mixed by
Swirling.

Mixture was kept to react for 30 minutes. After tikaction was over, the content was
diluted with 200 ml of the distilled water and 10 phmosphoric acid. It was followed
by 1 ml of diphenyl amine indicator.

Titratation was made with the sample with 0.4 Ndas ammonium sulphates. At the
end point, color changes to brilliant green. If emdhan 8 ml of the 10 ml added
K2Cr,0O7 is consumed (ml titrant less than 5 ml) the lesantity of sample was
repeated. The system is run for the same quariftggraple without soil.

Calculation

a. % carbon—3'951(11)
g S

b.OM=%Cx 1.724
Where, g =Weight of soil sample in gm
S = ml ferrous solution with blank titration

T = ml ferrous solution with sample titration

2.3.6.5 Moisture Content

The fresh weight of the soil was taken immediatdllye soil was oven dried at the
temperature of 10 for 24 hrs. It was weighed again to obtain theweight of the
soil.

Working formula:

[Eresh .wt —dry.wt.
t X
Fresh .wt
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2.3.6.6 Water holding Capacity of Soil

The water holding capacity of each soil sample determined as method adopted by
Kopecky and Burger (1974).

100 gm of soil was taken in already weighed petéataCane at bottom of which a
filter paper was placed. Then sufficient quantityvater was added on soil. Then, it
was left in tray containing water. After 2 hoursitland extra water was removed
from saturated soil by means of blotting paper aight was recorded. The water

holding capacity was recorded and calculated by éde.

WHE (96) _(A-BI)Bxloo

Where A = Weight of Moisture retained Soill
B = Dry weight of soll

2.3.6.7 Total Nitrogen

Kjeldahl digestion method was used to determine Nitogen content in soil.
Kjeldahl method measures only the Nitrogen in fosmammonium and organic
Nitrogen excluding Nitrate composition. Here, tlod was digested with concentrated
Sulphuric acid in presence of catalyst. As the pragigestion takes place at higher
temperature (360-466). Sodium sulphate is added to raise the boiliogtpof the
sulphuric acid. Finally after digestion, the Nitesgis converted in to the Ammonium
sulphate and can be determined after distillatioalkaline condition.

Procedure: 1 gm of peaty soil was taken after passed thrdu@yd mm screen in to
300 ml Kjeldahl flask. 20 ml distilled water wasdadl to moisten the soil. After this
20 gm of the catalyst mixture and 35 ml of CongS&, was mixed with gentle
swirling. Initially, it was heated at low tempersgu Digestion was continued and
flask kept rotating at interval until the conteecbmes light yellow. Flame should not
be allowed to touch the upper part of the flaskhwével of the contents avoid any
undue loss of the NHby decomposition of the Ammonium sulphate by highe
temperature. It was heated further to releasesreslidual Nitrogen. The digest
prepared was thus cooled, by adding 100 ml of themdistilled, mixing thoroughly
and transferred the supernatant in 1 liter of tistilition flask, about 4-5 times
washing with about 50 ml of distilled water andnsgerred the supernatant in same
distillation flask leaving behind as much as pdssibhis will prevent the bumping in
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the distillation flask. 100 ml of the 40% NaOH dedv pieces of the zinc were added
to distillation flask to avoid the stopping heatprevent back sucking. The mixed
indicator in condensate turns blue due to the Hissa of Ammonia. The content
was titrated with 0.1N HCI until though color chang light brown pink.

Calculation
a. When whole digest has been distilled

0% N = (a-b)x Nof HCI x1.4

Q

<

b. when only the part of digest has been distilled

_a-bof HCIx1.4xV
VXS

% N

2.3.6.8 Exchangeable potassium

Exchangeable potassium and Sodium were determirtedlame photometry method
(Trivedi and Goel, 1986)

Procedure: Flame photometry was used to deternmine extract&8odium and
potassium content. Here, the soil extract was pegpay leaching with 1N
Ammonium acetate. 50 gm of the air dried soil wageh in 500 ml beaker and 1000
ml of 40% alcohol was added. It was shaked well kegt for 15 minutes. The
suspension was filtered through Whatmans No. 5 fgaper using Buchners funnel
and vacuum pump.The soil was washed 4-5 times%@tml portion of 40 % alcohol.
The final washing was performed with 50 % of absokicohol to dry the soil.Then
the filter paper was removed and soil was scrapp@80 ml of beaker. The Buchner
funnel and filter paper was washed with 100 ml Aminm acetate to remove any
adhered portion of soil. The suspension was stiened kept for whole night. The
supernantant was filtered and the soil with add@lcammonium acetate was filtered
through Whatmans No. 42 filter paper using Buchhefennel and Vacuum pump.
The soil was leached 4-5 times more with portionPAaimonium acetate and final
volume of the filtrate was made up to 5000 ml inuveetric flask. Same procedure
followed further what have been followed for Sodiamd Potassium detection in

water analysis.

2.3.6.9 Orthophosphate

Phosphorous in soil is generally determined aslawai Phosphorous, which can be

extracted from soil with 0.002 N8O, (1 Soil: 200 HSOy). The Molybdenum blue
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method is most sensitive and as a result, theywadely used for soil extracts
containing small amount of Phosphorous as well @slTphosphorous determination

in solils.

Procedure Fresh soil was taken and passed through the Ziewve size. Moisture
content was detemined by oven drying at 305The fresh soil sample equivalent to
the 1.0 gm oven dry soil in a 500 ml Conical flasid 200 ml of 0.002 N 50, was
taken. The suspension was shaked for half an Adwer.soil solution was filtered to
get the clear soil solution. Then same method walied as done for Orthophosphate

determination in water.

Calculation:

% available p_mg P/L 5;3('; solution

2.3.7 Quantitative Data analysis for Vegetation

2.3.7.1. Density, Frequency and coverage of Planp&ties

Density is the number of individuals per unit areéaepresents the numerical strength
of the species in the community. It is usually egsed as number of plant per hectare
(pl/ha).

Frequency as introduced by Raunkiaer (1934) indgcttie number of sampling units
in which the particular species occur, thus exgeskse dispersion of various species
in a community. The frequency refers to the degifedispersion of a species in terms

of percentage occurrence. It is expressed in ptagen

Ecological data were interpreted by using standaedhods given by Zobedt al.
(Zobelet al. 1987; Odum, 1996).

No of plotsin which species occured
Total number of plots studied

Frequency % = x100

No. of individuals of a speciesin all plots
Total number of plotsstudied xsizeof the plot

Density (D)= x10000

Frequency was nominated with Raunkiers frequenraysc{Appendix 4). Coverage
was estimated by visual estimation on percentagesba

56



Relative frequency, Relative density and Relativeetage was determined by
following method formula.

_ Frequencyalueof particular species><
Total frequencyof all species

RF 100

D= Density vaeof particulaspecie)s(
Total Densityf allspecies

100

c= Coveragevalueof particularspecies><
Total coverag®f all species

100

For small scale plots visual estimation method wediable hence, Visual assumption

method was used to calculate coverage value.

2.3.7.2 Index of Dominance
Those species which have strongest control ovenggrieow and the environment in
given habitat are known as ecological dominantsapSon (1949) has given the

following formula to estimate the index of dominanc

N\ 2
Ni
Cd=)|—
2[5
Where, ni = Importance value of the species
N= Total importance value of all the species

2.3.7.3. Index of Diversity (H)

Species diversity index is the ratio between thenlmer of species and importance
value of individual (Odum, 1996). It is importamt tecognize that species diversity
has a no. of components, which may respond diftareiMajor components are

species richness or variety component and speaieaness or equitability. The

following formula is used to calculate index of éigity (Zobelet al. 1987)

Shannon index (H) Ez(nﬁijbg{nﬁij

Where, ni = Importance value of each species

N= Total importance value of all species

2.3.8 Litter collection and analysis
For the collection of litter, the area of 8®0 cnfwas fixed in each sites. Then all the
litters within the area were collected and weretkeghe sample bag. To ensure not

to loose any moisture content, the sample bag wakega by rubber band and was

57



brought into the lab after tagging it. Altogethers@mples from each site were
collected. The biomass analysis and moisture paagenwas calculated. The sites

were correlated with the adding factors for wateRani Tal area.

2.3.9 Population and Threat identification of MarshMugger

Crocodilians being amphibians in nature can be walboth on land and in water.
Crocodiles basking on land during day time areezasi count and estimate the size.
The best season for the Crocodile survey is in woser and pre summer i.e. January
to March (Rodgers, 1991). During this period thaperature conditions are such that
Crocodiles bask longer period and the visibilitygsod for sighting. This is the
courtship season and breeding groups tend to bas$leigroups. Air temperature, day
length and availability of sunlight for basking gty influence the amount of time
Crocodile can bask on shoreline. Winter month tloeeesare good times to count
Crocodile during day time (Choudhary and Roy, 198@cgers, 1991).

Crocodile counting was made in winter. The bestssedor the Crocodile survey is
post winter and pre summer month ie. January tocMabDuring this season, the
temperature conditions are as such that Crocotaek for the longer period of time
and visibility is good for the sighting. This issalthe courtship season and breeding
groups tend to bask in the groups. Therefore Righd were made continuously for
15 days in February together with nature guide gmodip of friends. Transect walk
was made on foot in Rani Tal surrounding. Poputatiensus in Rani Tal was carried
out by direct observation. Survey was conductech@lhake side using direct
observation method from short distance with thephafl binocular from relevant
height. Possible basking places were visited timéirhe for finding real survival
status. Pug marks and scats looked. The countiregatpn was kept on hold
whenever day was foggy, adverse condition for agskiThe binocular 8x40
magnification was used in population count as Visud. Visual observations are
made from the viewing towers and from the highdrde avoid the double counting
different natural features were used at same timtie lvelp of assistants together with
local staffs, nature guides (Rodgers, 1991). Thramaters such as time and location
of sighting, activity of sighting animal, weatheondition, habitat conditions, water
status was also recorded with Crocodile data. @utnansect walk, the rustling of the
leaves litter area might cause animal to run avaay it was cared and too much care

was made in the walking so as not having convensad using sign language with
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assistants. The entire bank of the Rani Tal has loiaded into the following 5
sectors based on the composition of soil and végatéMaskey, 1989; Maskest al,
1995: In Bogati, 2003) to make counting easy.

a) Mud bank (MB) -The bank of Lake covered by thedm

b) Sandy soil Bank (SSB) - It is the bank considtsand mix with black soil.

c) Sandy grass bank (SGB) -The grass is not dewsetiie sandy soil area known as
sand grass bank.

d) Grass bank (GB) - The bank of the Lake coveseddnse grass bank.

e) Erosion bank (EB) - The bank consists of the evdter erosion prone area.

The size estimation was made on visual basis aadsifled as following basis
(Rodgers, 1991).

Hatchling (< 50 cm), Yearling/Juveniles (50 -120)c®ub adult (120-180 cm), Adult
(>180 cm), Eyes only (for very far or difficult asstimate)

The threats of Crocodile were determined as dimud indirect threats. Since
Crocodile is semiaquatic animal, the direct threa¢se determined on the basis of
comparing the obtained water quality data withwilater quality criteria given for the
semiaquatic animals or for Mugger Crocodiles. &inly other threats counted on
visual basis were also made. Vegetation analysig,aBalysis was also related with
threat directely and indirectely to Lake/ Crocodildhe Mugger Crocodile feed upon
the large variety of diet from small animals to eVa&ge mammal. So, indirect threats
were determined by the quality of water comparinthwhe criteria given for fish,
amphibians, reptiles and many of animals aquaticTerrestial or semiaquatic

animals.

2.4. Secondary information

Secondary data were collected from various pubtisheports and unpublished
documents, thesis reports, project documents, netedocuments, environmental
journals, policies, laws, commentaries and opirappear on secondary sources. The
climatic record was obtained from DHM of GoN. Otlseicondary information were
generated from the variety of matter from WECS, DHMIMOD, TUCL, IUCN,
WWEF, NTNC, DNPWC , MOFSC, NARC, NAST, CDES.
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2.5 Methods of data analysis

Collected information was presented in the appetprtables and charts.They were
categorized and tabulated according to objectifébeoresearch. Data was manually
processed and analyzed in descriptive ways usiffigreint statistical tools. MS Excel

2007 was used in analysis.
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CHAPTER- 3
RESULTS

3.1 Water quality- seasonal and sitewise physicoamécal parameters

3.1.1 Color

Color reflects slight variation throught year. Qremlor of Lake water was observed
in summer and winter but during monsoon season whigtemuddy green color was

reflected. In total, light green to the green coltm somewhat yellow green colour
was reflected during year. This might be due togtevth of algae and and addition
of mud from the flooding water. According to the BA (1980) index for the water

guality, the colour present in the Rani Tal showtedas moderate to be severely

polluted.

3.1.2 Seasonal pH values of Rani Tal

As shown in figure 4, average pbf Rani Tal was found to be 7.17 during winter
season. Monsoon season had average pH of 7.2 ighledt pH value of 8 at Site 4.
Sites 1, 2 and 3 respectively showed the pH vaties2, 7.2 and 7. During winter
season, the lowest pH value of 6.6 was found & SitHigh value of hydrogen ion
concentration was reported at Site 1 with 7.39 @nflite 3 of 6.91. Site 2, Site 4 and
Site 5 showed pH value of 7.13, 6.92 and 7.5 duvimgter season. Similarly, In
summer season, average pH is 7.3 with highest pl&\a Site 4 of 8.2 followed by
Site 1 of 7.9. Site 2, Site 3 and Site 5 showsgeetively 6.7, 6.4 and 7.2 pH values.
pH of monsoon, summer and winter ranged from 78,780 and 7.13-7.5 pH value

respectively ( Figure 4, Annex 10,11,12,13)
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Figure 4: Seasonal and sitewise variation of pH

This fluctuation in seasonal pH might be due toitold of the bicarbonates from
surrounding. According to the Shrestha (1983) arflC¥ (2010), the water of the

Rani Tal was suitable for the survival of all sequatic and aquatic animals. Since
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Mugger Crocodile is semiaquatic animal. The wateltake was suitable for survival

of Mugger Crocodile.

3.1.3 Surface water temperature

Figure 5 clear that Monsoon season showed some simiarities with summer
season, the average value obtained in monsoonrseas26.5C (Annex 10) with
highest value observed at Site 1 and lowest at4Sitie26 C. Other Sites like Site 2, 3
and 5 respectively had 26.€ of temperature (Annex 12). Mean surface winter
temperature of Rani Tal in winter was 1% Annex 10) with highest temperature at
Site 2 of 18C followed by 17.4C, 17.8C and 17C at Site 1, 3 and 5 respectively.
The lowest temperature of 18.8 was reported at Site 3 (Annex 11). Average
summer surface temperature of Rani Tal was 28.5@nnex 10) with highest
temperature at Site 1 of 3C followed by Site 3 of 29%. Site 2, 4 and 5 had
receptively 28 C, 28 C and 28 C of surface temperature (Annex 13). The summer
season temperature ranged fronP@80@ C and winter temperature ranged from
10.5-18 C in different sites. Summer showed sitewise flatian from to 28C to 27

C (Figure 5, Annex 11, 12, and 13).
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Figure 5: Seasonal and sitewise variation of tempature

This wide fluctuation of the the temperature inryeaght be due to the low depth of
the Lake and high interaction with the atmospheirculation. According to Boyd

(1979), winter season has somewhat low temperdturesurvive for most fishes,

hence might affect Mugger Crocodile.
3.1.4 Transparency

Transparency couldn’t be measured in all seasonadin8ites due to high species

coverage at surface and below water of floating sulgmerged species in monsoon
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and winter season. However transparency measureoha sites varied from 0.7 to

0.8 meter in winter season (Figure 6, Annex 11).
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Figure 6: Transparency in Winter Season

3.1.5 Conductivity

Figure 7 shows that In Monsoon season, Conductivéily average value of 313.3
pS/cm (Annex 10). The highest value of 400 uS/crs veported at Site 3. Sites 4
had least value of 223 uS/cm. Site 1, 2 and 5rkagectively 302.5uS/cm, 317
pnS/cm and 324 uS/cm of Conductivity in monsoon @nfh?2). In winter season, the
Conductivity showed average value of 165.8 uS/cmngx10) with highest value
reported at Site 3 of 243 pS/cm and least at Sae147 uS/cm. Site 1, 2 and 5 were
reported to be 171 pS/cm, 173 uS/cm and 125 pSfaonauctivity value (Annex
11). The Summer Season had 152.80 uS/cm of higladse with lowest value in
monsoon season of 143.6 puS/cm. Summer season shoveedge value of 199
pS/cm. In summer, the highest value was report&itatd of 232 uS/cm and lowest
value of 123 uS/cm at Site 1. Site 2, 3 and 5 m@spdy had 213 uS/cm, 214 uS/cm
and 213 pS/cm of Conductivity respectively (Anne3).1Sitewise Conductivity
ranged from 223 - 400 pS/cm in monsoon. Summersgesisowed range of 123 to
214 uS/cm and winter season showed sitewise ammtof 123 to 232 pS/cm
(Figure 7, Annex 10, 11, 12, and 13).
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Figure 7: Seasonal and sitewise variation of condtigity

63



This high Conductivity reported in Rani Tal miglg¢ Hue to the addition of nutrient
from surrounding due to flood water or the salhrgediment. Compared with value
reported by the WHO (1996), the water of Rani Takwuitable in range what fresh

water body need.

3.1.6 Dissolved Oxygen

According to Figure 8, Monsoon season shadowed giegaletion in DO with mean
DO of 3.58 mg/It with highest value at Site 5 08 4ng/It and lowest at Site 4 of 3.95
mg/lt. Similarly, Site 1, Site 2 and Site 3 respeglyy had 3.42 mg/It, 4.08 mg/It and
3.10 mg/It DO value (Annex12). Rani Tal was fouldhiave average DO of 8.19
mg/It during winter season (Annex 10) with highealue of DO at Site 2 and lowest
value of 7.486 mg/Ilt DO at Site 4. Site 1, Siten8 &ite 5 respectively had 8.08 mg/It,
8.468 mg/It and 8.081 mg/It in winter (Annex11).efé took slight decline in the DO
value in summer seasons having mean value of 5dZB. iHighest value of DO level
of 6.3 mg/It was observed at Site 2 with loweselesf DO value at 4.74 mg/It at Site
4. Other sites like Site 1, Site 3, and Site 5 ha® mg/lIt, 4.98 mg/It and 4.83 mg/It
of DO level respectively (Annex 13). Annual DO gad from 2.95 to 4.35 mg/It in
monsoon season. In winter season, DO ranged frd@+&860 mg/lt and 4.74 -6.3

mg/It in summer season respectively (Figure 8, Ant®& 11, 12, 13).
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Figure 8: Seasonal and sitewise variation of DO

Heavy deposition and decomposition in monsoon seasmht have caused the
decrease in the oxygen content in Lake water. Alingrto EPA (2005) and Field

Ecology lab (2000), in monsoon season and som igitine winter season was not in
supportive range for survival of many aquatic aechiequatic animals. Acccording to
Shrestha (1983), the water was not suitable farkdrg of Mugger Crocodile due to

less oxygen content. The water was lethal to aquatimal according to the Field

Ecology lab (2000) in monsoon season and someisiteg winter season
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3.1.7 Chloride

The mean value of 34.42 mg/lt Chloride content iongloon season (Annex 10). It
showed somewhat increase in Chloride content wihdst value observed at Site 4
of 34.2 mg/lt followed by 3.08 at Site lin monsodite 5 showed the lowest
Chloride content of 29.5 mg/It. Site 2 and 3 resipety have 33.2 mg/It and 30.8
mg/It of Chloride content (Annex 12). Annual rargfefluctuation shows 30.96 mg/It
in winter to 34.42 mg/It in monsoon season. In wetrgeason Chloride reported to be
with mean value of 30.96 mg/It with highest valuesde 4 and Site 5 as 32.66 mg/It.
Lowest value of the Chloride was reported at Sitd 29.82 mg/It. Site 1 and Site 3
reported as 28.4 mg/lt and 31.24 mg/It of Chlomdatent respectively (Annex 11).
Summer season showed somewhat same values regaviitey season. Here in
summer season Site 4 had highest value of 34.2 fatidwed by 33.2 mg/It at Site 2.
Site 1, 3 and 5 had respectively 29.4 mg/lt, 30@Itmand 29.5 miit of Chloride
content (Annex 13). Chloride ranged from 29.5-3#g/It sitewise in monsoon
season. In summer season it ranged from 29.4 nogB4.2 mg/lt and 9.89 to 13.40
mg/It in winter season (Figure 9, Annex 10, 11,dr&] 13).
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Figure 9: Seasonal and sitewise variation of Chladie concentration

This heavy fluctuation in Chloride concentrationthe year might be due to the
addition of chloride salts from the surroundingrognsoon water. According to the
UN (1995) and MPCA (2010) Chloride concentratiorsetved in the Rani Tal was
suitable for most of the aquatic and semiaquatimals. Hence the limit observed

was suitable for drinking by Mugger Crocodile.

3.1.7 Hardness

Monsoon season had average value of Total HardfeB80 mg/lt (Annex 10). The
highest value of Total Hardness of the 135 mg/k whserved at Site 3 and minimum
of 80 mg/It at Site 2. Site 1, 3 and 5 have respelgt 80 mg/It, 105 mg/lt and 90
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mg/Ilt of the Total Hardness (Figure 12, Annex 1Zhe average value of the
Magnesium Hardness observed at 51.0 mg/lt (Anngxith highest value observed
at Site 3 of 89 mg/It and lowest value observe@4ing/It at Site 1. Other sites like
Site 2, Site 4 and Site 5 respectively had 42 mght mg/lt and 36 mg/lt of the
Magnesium Hardness. Highest value of Calcium Hasslreé 66 mg/lt was observed
at Site 1 and lowest value of 38 mg/lt is obserae®ite 2. Site 3, Site 4 and Site 5
respectively had 46 mg/lt, 40 mg/lt and 54 mg/lig(ffe 11, Annex 12). Winter
season showed average value of the 10 mg/It oT tit@l Hardness (Annex 10). The
highest value of the Total Hardness observed aSttee2 of 13.4 mg/It and lowest
value of 9.8 mg/It at Site 2. Other Sites like Sited and 5 respectively had 11 mg/lt,
9.89 mg/lt and 9.89 mg/Ilt of Total Hardness (Figdz Annex 11). Magnesium
Hardness shows average value of the 5.32 mg/lt dAnb0) with highest value
observed at Site 2 of 7.2 mg /It and lowest valiué.4 mg/lt at Site 4. Other sites like
1, 3 and 5 had 4.6 mg/lt, 5.6 mg/lt and 5.6 mdg/IMagnesium Hardness (Figure 11,
Annex 11). Calcium Hardness was about 5.32 mgdtatrSite 2 it has highest value
of Hardness of 6.2 mg/It and least of 4.9 mg/Bie 5. Other sites like Site 1, 3 and 5
have respectively 5.4 mg/lt, 5.2 mg/lt and 5.4 tmoflCalcium Hardness (Figure 10,
Annex 11). Similarly, summer season had averagal Hdrdness of the 89.84 mg/It
(Annex 10) at highest value observed at Site 30&f ihg/It and lowest value of 75.8
mg/It at Site 2. Site 1, 4 and 5 had 80, 95 andng@t of Total Hardness (Figure 12).
Average value of the Magnesium Hardness observ@d.i0 mg/Ilt (Annex 10) with
highest value observed at the Site 2 of 39.9 nagdit least of 20 mg/It at Site 3. Other
sites like Site 1, 4 and 5 have respectively 35Itmg2mg/It and 30 mg/lt of
Magnesium Hardness (Figure 11, Annex 13). Averagjeevof Calcium Hardness
observed is 58.398 mg/It (Annex 10) with highedugaobserved at site 3 of 82 mg/It
and least value observed at Site 2 of 35.59 nfgitie 1, 2 and 4 respectively had 45
mg/It, 63 mg/It and 66 mg/It of Calcium Hardnesgj(ffe 10, Annex 13).

Calcium Hardness ranged from 38 - 66 mg/It in monsby sitewise, 35.9 - 82 mg/It

in summer and 4.9-6.2 in winter season respecti(igure 10, Annex 11, 12 and
13). Magnesium hardness ranged from 24 mg/It -88trimgmonsoon 4.4 mg/lt -7.2

mg/It in summer and 20 mg/It to 39.9 mg/lt in win{€igure 11, Annex 11, 12 and
13). Total hardness ranged from 80 mg/It -1135 trig/lmonsoon 75.8 mg/It -102

mg/It in summer and 9.8 mg/It -13.4 mg/lt in wintsason (Figure 12, Annex 11, 12
and 13).

66



Calcium Hardness
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Figure 10: Seasonal and sitewise variation of Calon hardness
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Figure 11: Seasonal and site wise variation of Magsium hardness
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Figure 12: Seasonal and sitewise variation of Totdllardness

Somewhat high Hardness observed in the monsoonrseaight be from surrounding

sediments or monsoon flooding. According to theatligiven by the Swingle (1967)

Total Hardness in winter season was not in limisapport many of aquatic and semi

aquatic animals. Hence was considered not supgddinMugger Crocodile

3.1.8 Total Alkalinity

Analysing Figure 13Monsoon season showed somewhat same values at summe

season. It showed mean value of 116.5 mg/lt (Anfh8x having highest value
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observed at Site 1 of 112.7 mg/It which was follovis 114 mg/It at Site 2. Site 3, 4
and 5 have respectively 13 mg/lt, 115 mg/It and di@It of Total Alkalinity (Annex
12). Total Alkalinity in winter season had meanueabf 139 mg/Ilt (Annex 10). The
highest value of 150 mg/It is reported at Site 4 Emvest value of 130 mg/It at Site 3.
Site 1, 3 and 5 had respectively 135 mg/lt, 140ltmagid 140 mg/lt (Annex 11).
Summer season showed somewhat decline in TotaliAllkawith average value of
116 mg/lt (Annex 10). The highest value reporte®ig¢ 1 with 127 mg/It and lowest
value of Total Alkalinity at Site 4 is 105 mg/Itit&s like 2, 3 and 5 respectively have
114 mg/lt, 105 mg/lt and 111 mg/lt of Total Alkaty (Annex 13). Annual
fluctuation of Total Alkalinity ranges from 116 nfigin summer to 139 mg/It in
winter season. Alkalinity ranged from 113 mg/It 387 mg/It in monsoon season,
105-127 mg/It in summer and 130-150 mg/It in wirdeason (Figure 13, Annex 11,
12 and 13).
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Figure 13: Seasonal and sitewise variation of alkiality
High Alkalinity observed in winter season might thee to not consumption of the

bicarbonate added from surrounding during monseasan.

3.1.10 TDS, TSSand TS

Total Dissolved Solids

Winter season showed the mean total solids of Xhg/t (Annex 10). Total Solid
was reported at Site 3 of 1600 mg/lt, 1220 mg/ISite 4, 1200 mg/It at Site 1 and
1015 mg/lt at Site 5. The minimum value of 800 rgks observed at Site 2 (Figure
16, Annex 11). TDS showed highest value of 800 naj/Site 1 and Site 3. Site 2, 4
and 5 showed 600 mg/It, 420 mg/It and 415 mg/fD& (Figure 14, Annex 11). TSS
showed highest value of the 800 mg/lIt at Site 3 &nd 4 (Figure 15, Annex 11).
Similarly Site 1, 2 and 5 had respectively had 4@lt, 200 mg/Ilt and 600 mg/It of
TSS (Annex 11). Summer season showed somewhatatessint of the TDS. It
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showed the average of the 443.4 mg/It of TDS (Anb@x The highest value of TDS
about 502 mg/It was observed in Site 4 followed4B% mg/It at Site 1. Site 2, 3 and
Site 5 respectively had 413 mg/lt, 415 mg/lt an@ 4@y/It of TDS (Figurel4, Annex
13). TSS of 237.6 mg/lt average was observed. Sgdowed highest value of 293
mg/lt. The highest value of TSS could be seen ta &iabout 207 mg/It Site 1, Site 2
and Site 3 respectively had 215 mg/lt, 223 mg/d @60 mg/It of TSS (Annex 13).
Average 671 mg/lt of TS was observed (Annex 10hdite 4 of 709 mg/It followed
by 695 mg/lt of the TS at Site 5 (Figure 16, Anri&X. Site 3, 2 and 1 showed 665
mg/lt, 636 mg/lt and 650 mg/It of TSS respectivéfygure 15, Annex 13). Monsoon
season showed the highest value of the TS obseabedt mean value of the 1328
mg/It ( Annex 10) with highest value observed aeS3 of 1427 mg/lt which was
followed by the 1423 mg/It at Site 4. Site 2, Siteand Site 5 respectively had 1400
mg/lt, 1330 mg/It and 1310 mg/It of average valtd$ (Figure 16, Annex 12). TDS
showed average value of 625.60 mg/Ilt with highedtier of TDS at Site 1 of 900
mg/It which was followed by the 705 mg/It at SiteSdte 3, 4 and 5 had 543 mg/lt,
510 mg/lt and 510 mg/It of TDS. TSS showed averagge of the 690.40 mg/It with
highest value of the 914 mg/It at Site 3 followsdtie 913 mg/It at Site 4. Site 1, Site
2 and Site 5 respectively had 500 mg/It, 315 mayild 810 mg/It (Figure 15, Annex
12). Talking to annual context highest value of TDSS and TSS observed in
monsoon season followed by winter season. TDS dhfigen 500-900 mg/It, 402-
435 mg/lt and 415-800 mg/It in monsoon, summer anter season respectively.
Similarly TSS ranged from 315 to 394 mg/It in momsp207-293 mg/It in summer
and 20-800 mg/It in winter season respectively.rafged from 1310-1427 mg/lt,
636-709 mg/lt and 800-1600 mg /It in monsoon, sumraad winter season
respectively (Figure 14, 15 and 16, Annex 11 12 Hs)d
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Figure 14: Seasonal and sitewise variation of Totddissolved Solids
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igure 16: Seasonal and site wise variation of Tat&olids
High load of the TDS, TSS and TS in year might e tb collection of sediments
and organic load from surrounding. According to WMB95) the water is not
supportive for aquatic use by animals. But accaydinShrestha (1983) the TDS, TSS

and TS are supportive for the survival of Muggeocodile.

3.1.11 Nitrate

In Monsoon, Nitrate showed the average value ofCt2d0 mg/It (Annex 10) with
highest value Nitrate content of the 0.425 mg/Big¢ 1 which was followed by 0.260
mg/It at Site 2. Site 3 had lowest value of the b@¥lt of Nitrate. Site 4 and Site 5
respectively showed 0.195 mg/lt and 0.190 mg/ItNatrate content (Annex 12).
Winter season showed average value of 0.480 mfMitwate content (Annex10).
The highest value of the Nitrogen content was fotande 0.631 mg/It at Site 5. Site 3
had about 0.270 mg/It of the Nitrate content. Sit€ and 4 respectively had 0.554
mg/It .0.456 mg/It and 0.543 mg/It of the Nitratntent (Annex 11). Summer season
showed the highest value of 0.828 mg/It averageevaf Nitrate content (Annex 10).
The highest value of the Nitrate content was foah&ite 1 about 0.982 mg/It which
was followed by 0.97 mg/It at Site 4. Site 2 haakltevalue of 0.55 mg/It. Site 3 and 5
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had respectively had 0.84 mg/lt and 0.77 mg/lthed Nitrate content (Annex 13).
Sitewise Nitrate in winter, summer and monsoon @eagspectively ranged from
0.125 to 0.425 mg/lt, 0.58-0.982 mg/It, 0.270-0.684d/It (Figure 17, Annex 11,12
and 13).
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Figure 17: Seasonal and sitewise variation of Nitta
According to limit given by UN (1995) Nitrate comtein Rani Tal was supportive for
survival of aquatic and semiaquatic animals. Hem@s considered suitable for

Mugger Crocodile.

3.1.12 Orthophosphate

In monsoon season, Average value of Orthophosphateobserved of 0.671 mg/It
(Annex 10) with highest value of 0.84 was obserae®ite 3. Site 2 and Site 4 had
almost same value of 0.732 mg/It. Site 5 had |lgakie of 0.472 mg/lt content of
Phosphorous. Site 1 showed the lowest concentratfothe 0.581mg/It of the
phosphate content (Annex 12).Winter season showedatverage value of the 0.8
mg/It of Orthophosphate content (Annex 10). Thehhiglue of the Phosphate was
observed at Site 2 of 1.388 mg/It and lowest a¢ $af 0.568 mg/lt. Site 3, 4 and 5
had respectively 0.71 mg/It, 0.606 mg/It and 0.#8#lt of Phosphate content (annex
11). Summer Season showed average value of 0.34d4 ah the Orthophosphate
(Annex 10) with highest value of at Site 3 of 0.3%g/It and least value observed at
Site 5 of 0.245 mg/lt. Site 1, 2 and 4 had respetti0.3 mg/lt, 0.342 mg/It and 0.375
mg/lt of phosphate content respectively (Annex 18).monsoon, Orthophosphate
value ranged from 0.472-0.84 mg/It, winter seassmged from 0.568 to 1.388 mg/It
and summer ranged from 0.245-0.375 m{@igure 18, Annex 11, 12, 13).
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Figure 18: Seasonal and sitewise variation of Orthmhosphate

Almost high amount of the Orthophosphate was oleskim Rani Tal whole year
might be due to the addition of Phosphate contemh fsurrounding soil and flooding
water. According to UN (1995) the Orthophosphatetent was not suitable for most
of semiaquatic and aquatic animals in winter anchg$non season. Hence it was not

suitable for Crocodile to survive.

3.1.13 Potasium

The highest average value of the Potassium wasnebtan the monsoon season
about 1.27 mg/lt ( Annex 10) with highest valueadbéd at Site 5 of 1.52 mg/It and
lowest value observed at Site 4 of 1.05 mg/It. $jt8 and 3 shows 1.24, 1.23 and 1.3
mg/It of Potassium content (Annex 12).The averaglees of the Potassium reported
in summer was 0.050 mg/lt (Annex 10) with highealue present in the Site 3 of
0.062 mg/It and lowest value reported at Site 8.40 mg/It. Other sites like Site 1, 2
and 4 had respectively 0.042 mg/lt 0.052 mg/lt &h@60 mg/lt of Potassium
(Annex13). In winter season, average value of tb&a$sium reported was 1 mg/lt
(Annex 10) with highest value observed at Site &né 5 of 0.66 mg/It and remaning
site contained of 0.65 mg/lIt. Highest value of Bstam was obtained in monsoon
season. In summer season, it ranged from 0.04@0m0¢/It, 1.05-1.52 mg/lt in
monsoon season and 0.65 to 0.66 mg/It in winteguiféi 19, Annex 11, 12 and 13).
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Figure 19: Seasonal and sitewise variation of Potiasn
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High Potassium observed in monsoon might be dwltition of potassium salt and

other Potassium bases from brunt ash.

3.1.14 Carbondioxide

CO; content of average 8.48 mg/lt was observed as mal@ in monsoon season
(Annex 10). Site 2 had 12.8 mg/lt of the £llowed by 9.6 mg/It at Site 1. The
lowest value of 5.2 mg/Ilt was observed at Siteite $ and Site 5 recorded 7.2 and
7.6 mg/l of CQ (Annex 12). Winter season showed average valu83omg/lt (
Annex 10). The highest value of 41.8 mg/It of Ofere observed at Site 1 and least
value observed at Site 2 of 35.2 mg/lt. Site 3nd 8ite 5 were reported to be 37.5
mg/It of the CQ content (Annex 11). In summer season average \@lube CQ
recorded was12.80 mg/It (Annex 10). The highestevalf it was observed at Site 1 of
16.3 mg/lt in summer season and 10.2 mg/lt of, @OSite 4. Site 2, 3 and 5 had
respectively 12.4 mg/lt, 13.2 mg/lt and 11.9 mgft CO, content (Annex 13).
Comparatively, average highest value of 33 mg/l$ Weauind in winter and lowest in
summer of 8.48 mg/lt. COshowed sitewise range of 5.2-12.8 mg/It in monsoon
season, 10.2-16.3 mg/It in summer season and hiflbhetiation in range 35.2-41.8

mg/It in winter season (Figure 20, Annex 11, 12,13
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Figure 20: Seasonal and Sitewise variation of CO

High decomposition rate might be cause of declih€0, content in summer and
monsoon season, while as somewhat high value dasenvwinter might be due to
low use by the surface and submerged plant. Acegrth APHA et al. (1998) the
CO; content was not suitable for fish, other aquaticreal, and subaquatic animal and

terrestrial wildlife propogation. Hence, was nohsulered suitable for of Crocodile.

3.1.15 Sodium
Mean value of 51.20 mg/It of Sodium was reportethomsoon season (Annex 10). In

Site 1 it showed the 56 mg/It of highest valuee S3t showed the least value of
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Sodium content of 48 mg/l. Site 2, 4 and Site Jeesively showed 53 mg/lt, 50
mg/lt and 49 mg/lt (Annex12). Sodium in winter seashowed average content of
16.74 mg/lt (Annex 10) with highest value of 18 thgt Site 1 and lowest value at
Site 2 of 13.5 mg/lt. Site 3, 4 and 5 respectivedyl 16.9 mg/lt, 17.4 mg/It and 17.9
mg/It of Sodium content (Annex 11). Similarly, susmseason showed average 18.9
mg/It of Sodium content (Annex 10). Highest Sodioamtent was reported at Site 2
of 20 mg/It in summer season. Site 3 showed thesbwalue about 15 mg/lt. Site 1,
4 and 5 showed values respectively of 19 mg/It5 18g/It and 19 mg/It of Sodium
content in summer season (Annex 13). Among all @edsghest mean value of
Sodium of 51.20 mg/Ilt was reported in monsoon seaswl lowest at winter season
of 16.74 mg/lt. Annual seasonal range of the Sodianged from 49 to 56 mg/lt in
monsoon season, 13.5-18 mg/It in winter and 18Al8ummer season (Figure 21,
Annex 11, 12, 13).
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Figure 21: Seasonal and sitewise vartiation of Sadgiin
High concentration of Sodium content during monsseason might be due to the

addition of Sodium salt from surrounding soil.

3.1.16 Total Nitrogen

Total Nitrogen of 6.66 mg/lt was reported in monsaeason with highest value
observed at Site 5 of 7.34 mg/It and lowest valuthe 6.32 mg/It at Site 3. Site 1, 2
and Site 4 respectively had 6.53 mg/lt, 6.34 mayiid 6.88 mg/It in monsoon season
(Annex 12). Winter season showed slight lower vatighe Total Nitrogen with
mean amount of the 4.184 mg/It (Annex 10) and Isglvalue observed at Site 1 of
5.3 mg/lt. Similarly, Site 3 had value 3.7 of minim. Site 2, 4 and 5 respectively had
4.7, 4.02 and 3.7 mg/lt of Total Nitrogen in winteeason (Annex 11). Summer
season showed highest mean value of 10.72 mgfibtafl Nitrogen (Annex 10) with

highest value observed at Site 5 of 11.9 mg/It. [bnest value of Total Nitrogen was
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9.57 mg/lt at Site 1. Site 2, 3 and Site 4 respettihad 10.52, 11.3 and 10.7 mg/It of
Total Nitrogen content (Annex 13). Seasonal valeged sitewise as 6.32 to 6.88
mg/It in monsoon season, 3.2 to 5.3 mg/It in wirdeason and 9.57 to 11.3 mg/lt in
summer season (Figure 22, Annex 11, 12, 13).
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Figure 22: Seasonal and sitewise variation of Totditrogen
High amount of Total Nitrogen in summer might beeda heavy decomposition of

macrophytes. Total Nitrogen content helps to aéd\thirate content in water.

3.1.17 Productivity

Gross Primary productivity (GPP)

Mean value of 0.18 gm.C3hr was reported in monsoon season (Annex 10) with
highest value observed at Site 1 of 0.21 gm¥hmand lowest value of 0.15
gm.C.nf/hr. Site 2, 3 and Site 5 had 0.19 gm.&m 0.20 gm.C.fthr and 0.17
gm.C.nf/hr of primary productivity in monsoon season (Axri®). Similarily, 0.26
gm.C.nf/hr of mean value GPP in summer season was rep@iiedex 10) with
highest value of productivity at Site 2 of 0.28 gmf/hr and lowest value was
reported at Site 5 of 0.23 gm.C/w. Site 1, 3 and 4 had respectively 0.27
gm.C.nf/hr, 0.25 gm.C.fthr and 0.26 gm.C.fthr of GPP in summer season
(Annex13). Winter season showed mean gross pradiyctof 0.33 gm.C.rithr
(Annex11) with highest value observed at Site 8.8% gm.C.rfthr and lowest value
observed at Site 1 of 0.31 gm.C/hr. Site 2 showed 0.32 gm.Cimr. and Site 3 and
Site 4 had same value of the 0.33 gm.#hm GPP ranged from 0.15 to 0.21
gm.C.nf/hr in monsoon season, 0.31 to 0.34 gm%hmin winter season and 0.23 to
0.28 gm.C.rfthr in summer seasdfrigure 23, Annex 11, 12 and 13).

75



0.4
0.35 _._,./I—I/'_

0.3 A —&— Monsoon
= 0.25 Season
E 02 1 —#— Winter
3 ! ¢ < ; Season
g 015 \ 4 S
5 ummer
a 01 Season
o
@ 0.05

0
Site 1 Site 2 Site 3 Site 4 Site 5

Sites

Figure 23: Seasonal and sitewise variation of GPP

Net Primary Productivity (NPP)

In context of NPP, monsoon season had average wdl0e49 gm.C.Mihr (Annex
10). In monsoon season, the highest value of OBEgrf/hr reported at Site 3. The
lowest value of NPP reported at Site 1 of 0.46 gmi®r. The Site 2, 4 and 5
respectively have 0.52 gm.Cnr, 0.49 gm.C.fihr and 0.47 gm.C.fthr of NPP in
monsoon season (Annex 12). The average valueeo® 86 gm.C.fihr reported in
summer season (Annex 10). The highest value repattSite 1 of 0.76 gm.Cr
and lowest value observed at Site 3 of 0.58 gmBmSite 2, 4 and 5 have
respectively 0.59 gm.Cithr, 0.63 gm.C.fthr and 0.68 gm.C.fthr in summer
(Annex 13). The average value of NPP observed intewni season was 0.94
gm.C.nf/hr (Annex 10). The highest value reported at Sitef 0.94 gm.C.ffhr and
0.83 of lowest value reported at Site 1. Site 2n@ 4 respectively reported 0.90, 0.87
and 0.93 gm.C.fthr of NPP (Annex 11). Highest NPP was reportediiter season
of 0.89 gm.C.rhr. NPP ranged from 0.47 to 0.53 gm.&hm in monsoon season
0.83 to 0.94 gm.C.fthr in winter season and 0.58 to 0.76 gm.€hmin summer
season (Figure 24, Annex 11, 12 and 13).
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Figure 24: Seasonal and sitewise variation of NPP

Rani Tal showed good productivity all round year.
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3.1.18 BOD (5 days Biological Oxygen Demand)

BOD reflected average value of 13.20 mg/lt at sumseason (Annex 10) with
highest value observed at Site 4 of 15.5 mg/It mmaimum value of 10.12 mg/It at
Site 1. Site 2, 3 and 4 had respectively 12.6 mgat5 mg/lt, and 14.2 mg/It of BOD
in summer (Annex 13). In winter season average B@Me reported to be 17.08
mg/lt (Annex 10) with highest value observed aeSitand least value about 16.4
observed at Site 1. Site 3, 4 and 5 respectivelye H¥.3, 16.72 and 16.73 mg/It of
BOD value (Annex 11). Similarily in Monsoon seasaxerage value of BOD
observed was 33.78 mg/lt (Annex 10) with highedueaf 35.61 at Site 3 and least
value of 32.4 at Site 4. Site 1, 2 and 5 had 33n8@t, 34 mg/Ilt and 33.6 mg/It of
BOD (Annex 12). BOD ranged from 10.12-15.5 mg/lt Sammer season and in
monsoon season, it ranged from 33.3-35.6 mg/vitrier season, it ranged from16.4
to 18.7 mg/lt (Figure 25, Annex 11, 12 and 13).

40

35 ‘_’?‘4\"__’,.

30 —&— Monsoon
Season
=25
S —&— Winter
\%20 I/.\H—I Season
015 A S
Summer
mi10 +— Season

5
0

Sitel Site2 Site3 Site4 Site5
Sites

Figure 25: Seasonal and sitewise variation of BOMiRani Tal

High BOD observed might be due to addition of thegaoic nutrients from
surrounding. The Lake water was observed with sama¢Wwigher value prescribed by
UN (1995) for aquatic and semiaquatic use for dnigk Hence, the BOD can be

considered to be not supportive for the Mugger Gdde.

3.1.19 Ammonia

Monsoon season showed average value of Ammoniat &b08 mg/lt (Annex 10)
with highest value observed at Site 1 of 0.095 tagitl least value observed at Site 3
and Site 5 of 0.73 mg/It of Ammonia. Site 2 an&Sitshowed 0.085 and 0.074 mg/It
of Ammonia content (annex 12). Similarly, winterasen showed average value of
0.02 mg/It of Ammonia content (Annex 10) with highe@alue observed at Site 4 of
0.026 mg/It and lowest value at Site 2 of 0.002Im@ther sites like Site 1, 3 and 5
respectively had 0.021 mg/lt, 0.025 mg/It and 0.6@gIt of Ammonia (Annex 11). In
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summer season, average value of Ammonia observedOvi®0 mg/lt (Annex 10)
with highest value observed at Site 2 of 0.071 tagit lowest value of 0.061 at Site
4 and Site 5. Site 1 and 3 respectively had 0.0820a065 mg/It of Ammonia content
(Annex13). Ammonia ranged sitewise as 0.073-0.0¢8tn0.002 -0.026 mg/It, and
0.061 - 0.071 mg/It in monsoon, summer and winéasen respectively (Figure 26,
Annex 11, 12 and 13).
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Figure 26: Seasonal and sitewise variation of Amoai

High level of Ammonia reported at some sites migddue to the addition of nutrient
from surrounding and heavy decomposition of OM. dxding to MPCA (2010, the
Lake water was not suitable for survival/drinkinfjmany aquatic and semiaquatic
animals in winter and monsoon season. Hence, Aneriuas been supposed not to be
suitable for Mugger Crocodile.

3.1.20 Total Phosphorous

Total Phosphorous ranged from 0.99 to 1.30 mg/inonsoon season with highest
value observed at Site 1 of 1.30 mg/It and lowedtier at Site 3 of 0.99 mg/lt. Other
sites like 2, 4 and 5 have 1.02 mg/It, 1.2 mg/il &n12 mg/It of total Phosphorous
(Annex 12). In winter season, highest value ofTtb&al Phosphorous observed at Site
2 of 1.82 mg/It and lowest of 0.93 mg/It at SiteS&e 1, 4 and 5 reported to have 1.02
mg/It, 0.762 mg/It and 0.99 mg/It of Phosphate eahf{Annex 11). Summer season
showed highest value of the 1.325 mg/It at Sitath \east value observed at Site 3 of
0.495 mg/lt. Site 1, 2 and 5 respectively had 0.8fs1t, 0.662 mg/It and 0.765 mg/It
of the Total Phosphorous content (Annex 13). Sumseason ranged from 0.495 to
1.325 mg/It (Figure 27, Annex 11, 12 and 13).
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Figure 27: Seasonal and sitewise variation of Tot&hosphorous in Rani Tal
Amount of the total Phosphorous might be from swmding soil or heavy
accumulation from flooding water. High amount ofaloPhosphorous contributes the

Orthophosphate content.

3.1.21 Arsenic
Arsenic content was found to be nil in all sampdésll station. Absence of Arsenic

might be due to absence of Arsenic present rock.

3.2 Seasonal Soil and Sediment analys

3.2.1 Bottom soil analysis

3.2.1.1 Soil pH

pH varied from acidic to alkaline in year almosttwiittle change. pH in monsoon
season ranged from 6.7 to 7.3, 6.5 to7.4 in wiatet 6.8 to 7.2 in summer season (
Figure 28, Annex 6, 7 and 8).
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Figure 28: Seasonal and sitewise variation of pH ibake Bottom

The soil pH was almost neutral according to Pradii886).
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3.2.1.2 Soil Conductivity

The conductivity ranged from 402 to 513 pS/cm immer season. In winter it varied
from 342 to 453 uS/cm and im summer season it dhrfigem 243 to 569 uS/cm
sitewise (Figure 29, Annex 6, 7 and 8).
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Figure 29: Seasonal and sitewise variation of botto Soil conductivity

This high conductivity might be due to high amoahsalt present in soil.

3.2.1.3 Soil Texture analysis

Soil texture of Lake bottom found to be rangingnfralay loam, sandy caly to clay
soil.

3.2.1.4 Soil organic Mater for Bottom soil
OM was found to be very high in Lake bottom. It viasnd to be ranging from 9.2 %
to 11.2 % in Monsoon season. The winter seasonethfgpm 8.0 % to 9.5 % and

summer season ranged from the 9.2 to 13.9 % (F@uré&nnex 6, 7 and 8).
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Figure 30: Seasonal and sitewise variation of OM ihake Bottom
According to the Pradhan (1996) it was very higloant of the OM. It might be due
to heavy loading from surrounding soil as surrongdsoil also had found to be high

amount of OM, contributing lake to enrich organiater.
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3.2.1.5 Total Nitrogen

The Total Nitrogen was found to be ranging from51% to 5.33 % in Monsoon
season. In winter season it ranged from 0.442 %.350 % in different sites. In
summer season it ranged from 0.47 % to 4.4 % odlTditrogen (Figure 31, Annex
6, 7 and 8).
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Figure 31: Seasonal and Site wise variation of Tot&litrogen in bottom soil
According to Pradhan (1996), the Total Nitrogenteahwas also very high in Rani
Tal. It also might be from heavy decomposition ohamophytes and surrounding
addition. This content was also contributing lakesev to enrich nitrogen content.

3.2.1.5 Potassium

Potassium was reported to be ranging from 402 ®HKd/ha in monsoon season. In
winter season, it ranged from 321 to 361 kg/hasummer season, Potassium ranged
from 244 to 314 kg/ha (Figure 32, Annex 6, 7 and 8)
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Figure 32: Seasonal and sitewise variation of Potasium conteimt Lake Bottom
According to range given by Pradhan (1996), thiscemtration of Potassium was
high for soil. This high amount of Potassium migbktfrom inflow of ashes and other

soil OM. It was not contributing lake water so much
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3.2.1.6 Orthophosphate

High available Phosphate was reported in Lake botturing all seasons which
ranged from 417 to 533 kg/ha in monsoon seasowiniter , somewhat decrease in
Phosphorous content ranging from 310 to 389 kg/as found. Summer showed 315
-325 kg/ha range of the Orthophosphate contentu(Eig3, Annex 6, 7 and 8).
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Figure 33: Seasonal available Phosphorous content with sitewis

The content of Phosphorous obtained was very highuat according to Pradhan
(1996). This heavy Phosphorous content might betdube high decomposition of
macrophytes, collection flooding awter from surrding as sorounding soil was rich
in Phosphorous. This available phosphorous wasideresl contributing in lake

water eutophication.

3.2.1.7 Soil calcium and Magnesium

Soil Calcium was found to be ranging from 9.24 1031% in monsoon season, 5.45 to
8.25 % and 9.24 to 14 % in winter and summer seesgpectively (Figure 34). Soill
Magnesium ranged from 3.29 to 6.03 % in monsoos@eaSimilarly in winter and
summer season it was found to be ranging from 826.39 % and 3.4 to 5.34 %

respectively (Figure 35, Annex 6, 7 and 8).
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Figure 34: Seasonal and site wiseariation of Calcium in bottom soil
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Figure 35: Seasonal and site wisariation of Magnesium in bottom soil

3.3. Soil analysis of site vegetation

Site soil had the average pH of 5.2 and 4.9 regpmdygtin site 1 and site 2 which was
highly acidic soil. The moisture content compriséd83.4 % and 32 % in Site 1 and
Site 2. OM content was found medium of 3.2 % anouéld.2 % in Site 1 and Site 2.
Avaialable Phosphate showed high range from 1506t» Kg/ha in Site 1 and Site
2.Total Nitrogen found to be ranging from 0.32 % QB0 % at Site 1 and 2
respectively. Potassium ranged from 232 to 240 &gflom Site 2 to Site 1

respectively. Similarly, Calcium and Magnesium @mtfound to be ranging from
9.04 - 9.12 % from Site 2 to Site 1 and 5.08 t026% from Site 1 to Site 2

respectively. The textural classes showed the Satalys to Clay loam soil. The
WHC of soil was found to be 39 and 37% in Site d &ite 2. The conductivity found
to be ranging from 225-245 pS/dnnex 9).

3.4 Vegetation analysis

The floating species on the Rani Tal had coveretsat whole water body except the
initiation of winter season. Floating vegetatiorclude Nymphea nouchali, Nelumbo
nucifera, Trapa quadrispinosa species together with alien species Bigia straoites.

In counter to the free floating plants estimatitigh coverage was found due to
Trapa quadrispinosa, Nelumbo nucifera, Nymphea nouchali, and Pistia straiotes. The
speciesNymphea nouchali, Pistia straiotes and Trapa quadrispinosa found to have
100% frequency with lowest frequency lafdrilla vercillata. Pistia straoites found

to have highest density and dominance followed Nymphea nouchali. Here
Nymphea nouchali, Pistia straiotes and Trapa quadrispinosa had 100% frequency

which was followed byNelumbo nucifera, Ludwigia adscendens and Lemna minor
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with 75% frequencyPistia straiotes had highest density 117.8 pfrfollowed by
Lemna minor of 95 pl/nf and followed by thePotmogaton nodusus and Wolfia
globusa of 93.9 pl/nf and 85.4 pl/rh Floating community has the diversity index of
0.86 which is high diversity index shows the plaaimmunity is highly diverse
(Annex 14).

In analysis of Marsh vegetation, the highly enchoag native specie®hragmites
karka found to have encroached about 80% of the reed.bHte coverage of the
floating plants was almost 90% in the monsoon bhble coverage found decayed
and dried during winter and summer season. In Bitde total density of the plant
was found to be 96.67 plfnor (966,700 pl/ha) with high density of tRragmites
karka with 50 pl/nf (500,000 pl/ha) followed bgachrum spontanium with19.5 pl/nf

or (195,000 pl/ha)lmperata arundinacia with 9.5 pl/nf or (95,000 pl/ha)Erianthus
ravaennae with 6.62 pl/nf or (66,200 pl/ha) anérundo donax of 8.41 or (841,000
pl/ha). Similarly Phragmites karka, Arundo donax, Imperata arundinacia, Erianthus
ravaennae, Sachrum spontanium etc contain 100% frequency or most occurring
plants withAphuda mutica with least frequency of 25%. Highest relative freqay
11.11 % was found amon@hragmites karka, Sachrum spontanium, Imperata
arundinacia, Erianthus ravennae and Arundo donax. About relative density,
Phragmites karka had found highest relative density of 30.41% foka by
Sacchrum spontanium of 19.5% with least relative density Bélygonum barbatum of
0.26%. Phragmites karka, Sachrum spontanium, Imperata arundinacea, Erianthus
ravennae and Arundo donax had 100% frequency hence could be called dominant
species according to Raunkieirs frequency classepésige (Annex 4). The least
relative frequency was found of 5.56 % ®hemeda arundinacia, Polygonbum
barnbatum and Perscaria hydropiper hence could be called as rare species. Highest
coverage was found dPhragmites karka and least coverage @phuda mutica.
Phragmites karka, Sachhrum spontanium, Imperata cyllindrica and Erianthus
ravannae had higher relative coverage percentage than apecies (Annex17). It
was also found that Phragmitkarka in the Lake margin had also cover round the
almost whole Lake body. It was found to be distagbfor the much of wildlife for
watering due to only small open patches to enterLihke where grassland animals

should have highly alert of their predators (Fogumup discussion, 2009).
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In plot 2, Phragmites karka also had the highest density of the 42 (420,00tapland
minimum of the 0.07 pl/M(7000 pl/ha) of theAcorus calamus. In total density of
69.28 plint the invasive specieAlternanthera Philoxeroids contains density of 4.03
pl/m? or (40,300 pl/haJPhragmites karka also had highest relative density among all
vegetation. In the marstPhragmites karka, Erianthus ravennae, Sachhrum
spontanium, these three contained of 100% frequency and 17.38%elative
frequency respectively in plot 2. Others lik®perus rotundus, Acorus calamus,
Altenenthera philexoroids and Diplazium esculatum had least frequency of 50% and
Relative frequency of 8.69 respectivellphragmites Karka had highest relative
dominance of 60.62% with least 0.10 fsgorus calamus. Similarly in total coverage
of the 38.4 %, this had more than half percent @y in plot 2. Phragmites karka
had highest relative coverage of 37.58% with leakitive coverage of 0.85% of
Acolus calamus. The highly encroaching species liRhragmites karka which has
given platform tainvading Sachhraum spontanium, Erianthus ravinnae and others. It
was reported that these three species were alwggsher because of tiitragmites
karka make areas easier for invasion®achhraum spontanium, Erianthus ravainnae
(Annex 17).

During the study/field visit in Rani Tal, many othaien species were recorded from
SWR wereEichornia carrissepes, Hyptis svaveolens, Aregemone mexicana, Mimosa
pudica, Casia tora, Ageratum conyzoids, and Ipomea carnea ssp.fistulosa. Other alien
species recorded afeuphorbia hirta, Seleria media, Oxalis corniculata, Ludwigia

sps, Eclipta prostrate and Brachia mutica.

Talking to the climbers, thBahunia Vahlii andDioscorea bulbifera were found to be
dominating but thé&patholobus parviflorus was found to be less dominating. In plot 1
Bahaunia vahlii was found to have density of 111.11 pl/ha &dscorea bulbifera
with 77.77 pl/ha and 55.55 Pl/ha §patholobus parvifolus. Bahaunnia vahlii was
found to be high domnance of 0.25 which was folldviey Dioscorea bulbifera and
Spatholobus parvifolus of 0.10 and 0.05 of dominance. All total diversitgexes in
Site 1 found to be 0.46. In plot 2 same plants waghted with same range of
parameters. Th®ioscera bulbifera with 166.66 pl/ha here found to have highest
density andBahunia vahlli with 155 pl/ha. SimilarilySpathlobous parvifolous found

to have 122.22 pl/ha of densitRioscorea bulbifera here was found to have high
dominance of 0.14 which was followed Bghunai valli of 0.12. TheSpatholobous
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parvifolous was least dominating. The climber comminity hehoveed diversity

index of 0.47. In plot 3 the climbers community wasnd to be nill (Annex 18).

In analysis of the trees, Site 1 was found to beidated with theShorea robusta
with dominance value of 0.0680 together wazygium cumini (0.0117) Kukurdiano
(0.00755), Dalbergia sissoo (0.0042)Mallotas phillipensis (0.00425), clerchera
oleosa (0.00425. The lowest dominance was observedApbrusa octandra and
Astoria scholaras. Shorea robusta had found to be high density of 133.33 pl/ha which
was followed by Syzgium cumini (55.55 pl/ha) Kukurdiano(44.44 pl/ha)and other
had medium densityAporusa octandra had least density an@lstoria scchloras of
respectively 11.11 pl/ha reporteBlant coommunity at Site 1 found to have the
highest diversity index of approx 1 which indicdtighly diverse community with
total density of 511.06 pl/ha (Annex 16).

Similarily, Site 2 was found to be dominated by HpeciesShorea robusta, Adina
cardifolia, Listia monopetala, respectively with dominant index of 0.0306, 0.0H an
0.00562 with least dominance found of rare spe@iesibax cieba of 0.000625.
Toona ciliata, Terminalia belleceria, Carea arborea of same dominance value as
Bombax cieba. Shorea robusta had found to be highest density @7.77 pl/ha
followed by theAdina cardifolia 44.44 pl/haand least density fouraf 11.11 pl/haof
speceisBombax cieba. Toona ciliata, Terminalia belleceria, Carea arborea were of
same dominance value 8smbax cieba. Aprroximate species diversity index of 1
was reported at this site denotes that the commusihighly diversed. Here, Total
density of plant was found 444.44 pl/ha. Thus comityuwas highly dense (Annex
16).

Site 3 was found to be dominated highly worea robusta of 0.0108 dominance
index which was followed byyzygium cumini with domince index of 0.2725. This
procedure was followed by thélbizia Nepalennsis and Aspera octandra of
dominance indexes same as 0.00906. The species Apgorusa octandra,
Engchardia spicata, Phoenix aculis had least dominnce and density of 0.00056 and
11.11 Pl/ha. The species lil8norea robusta, Syzygium cumini, Albizia Nepalnensis
andAspera octandra respectively have 88.88 pl/ha, 77.77 pl/ha and4ipl/ha, 44.44
pl/ha density respectively. The total density omoounity was found to be 471.24
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pl/ha at Site 3 which is also high density.Totamntldensity in Rani Tal ranged from
444.44 to 571.46 pl/ha which was very high den@iynex16).

Highly diverse and densed community of tree anchloéirs at Rani Tal area might be
contributing water storage in soil pore , erosiontcol as well as nutrient addition by
litter input to lake. Surface and floating vegeadatifound to be encroaching the lake

area and helping in eutrophication by litter additand decaying of palnt part.

3.5. Litter composition and Biomass analysis

High biomass of litter content was found in Ranil. TBoth sites repectively had

average water content of 51.64 % and 49.37 % otmweabntent and biomass of

826.24 gm/rh and 789 gm/m This is high amount of biomass. High amount of
soorounding biomass also contribute the additiororglanic materials in the Lake

body. High litter content in Rani Tal might helpimng adition of organic content in

Rani Tal by with taking it to Lake by with monsowater (Annex 5).

3.6 Population status of Mugger Crocodile in Rani &l
Questionnaire survey reveals following Primary mfation on wetlands of
Shuklaphata and the Mugger Crocodile survivingeher

Table 4: .Muqger finding areas in SWR with averageaumber

Areas Average number in range
Bahuni Nala

(Jhulghat and Kaptan Ghat mostly) 6-8
Dangakunda 4-6
Patharia Nala 4-6
Mahakali River 8-10
Patharia Pond 2-4
Chudhara River or Chaudhara Nala (Verginia Tal)  6-8
Hatti Kund 2-4
Bhauraya Nala 2-4
Padsera Gaudi Nala 4-6
Hagnia Nala/RaniTal 2-4
Andaya Pataiya 4-8
Shurya Phata Khalla 4-8
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Chaupheri Khalla 4-6

Radhapur Khalla 3-8

Majhgaun Nala 2-4

Kalikitch Tal 1-2

Sahili Nala 1-2
Estimated total numbers of the Mugger Crocodile

In SWRs 59-98

Hence the total number of the Mugger CrocodileSWR was reported to be 59 to 98

in range through questionnaire survey (Annex 20).

3.7 Result of Observation
3.7.1 Population census of Mugger CrocodileContinuous survey of about 15 days

in Rani Tal reported 4 Marsh Muggers (Annex 15).

3.7.2 Threats to Rani Tal

a) Invasion by native and alien species

Rani Tal was found to be encroached highly by Hieagmites karka and the
presence of alien species likternanthera philoxeroids and with surface covering of
Pistia sraiotes. The native species likehragmites karka found to have covered the
almost whole periphery of Lake. Large number of Bidia straiotes and other
floating leaved plants might add Organic conterd daplete the oxygen level (Field
observation, 2009). Invasion Bhragmites had decreased area of Rani Tal (Personal
communication: Chand Chandra Bahadur, 2009, Fiesgkvation, 2009)).

b) High eutrophic condition/Poor water quality

Water quality assessment reveals the hyper eutagndition of the Lake on basis
of the amount of the phosphorus and Nitrate contentparing with value given by
Forsberg and Ryding (1980).

¢) Dam impacts

Due to closed Dam, the flooding water with orgadebris filled in the Rani Tal
which had given the basement by addition of sedintengrow of the Narkat
(Phragmites Karka). Addition of the OM content rich in PhosphorousiaNitrogen

were helping the growth dPhragmites karka. Sedimentation and siltation found to
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have decreased area of Rani Tal and this rate g@&vated by dam (Field survey,
2009). From personal communication it was repoeled Seasonal flooding from
Chaudhara river and sorrounding water also hadechastation problem (Personal
communication: Chand Chandra Bahadur, 2009).

3.8 Status of Rani Tal and Mugger Crocodile

From questionnaire survey, it was reported thahésg Mugger Crocodile finding
area was slow flowing pools of Mahakali River wh&&0 Mugger Crocodile were
reported to occur. Almost 18 wetlands were fountéanain region to occurrence of
Mugger Crocodiles in SWR. The Rani Tal was fountidee estimated number of 2-4
population of Mugger Crocodilein aspect of Rani Tal, number of the Mugger
Crocodiles found were depleted number than prevahservedby previous dweller
and frequent visitors. The dam site and inflow sitd_ake together with laden trees
and logs was found to be good habitat for MuggercGdile due to winter easier for
basking and easier to search food. Respondentprélveous dweller of Shuklaphata
and frequent visitors to the Rani Tal from lastyg@r claimed Rani Tal's area and
depth was decreasing than previous (Personal comation: Thakur Bholeman,
2009). It has been decreased by the 6 ft than quewilue to the silting by flooding
and invasion by NarkotPhragmites karka) and other grasses. Questionnaire survey
(Annex-16) revealed that about 10-50 years aga tagurred approximately 10-20
Mugger Crocodiles frequently. Personal communicatwath one of the frequent
visitors of Rani Tal the Bholeman Thakur, claimedttRani Tal reported more than
15 Mugger Crocodile at previous more than 20 y&aspondent also believed that
Crocodile population in Rani Tal had decreased fhravious( Figure 36). Similarily
10-15 years had gone for the invasion of the adigecies likePistia, Alternanthera
etc (Personal communication: Thakur Bholeman, 2009} tBgether with Rani Tal
other Lakes of the Shuklaphata like Sulgudi Tallikigh Tal, Tara Tal, Hatia Kund
and Sikari Tal also have been suffering from ineasif the plant species (Personal
communication:Bam Karna Bahadur, 200Questionnaire survey (Annex 20) also
revealed that there gone about 10-25 yeaRhofgmites karka invasion.Phragmites
karka was found to be developed here hugely from abd72BS (Personal
communication: Thakur Bholeman, 2009). Among alkés present inside SWR,
widely degraded was found to be Rani TRastern grassland site at connection of

Rani Tal was found to be main region for baskingfgmence by Mugger Crocodile
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previously which was now invaded totally by tRaragmites karka and Mugger

Crocodiles now have to be basking on Damsites angepen patches of inflow site.

Frequently 2 or 3 case there found the leaving afyyer Crocodile to SWR. The
event of injury by the public during past 10 yeamsre about 8-10 events. About 2
events were from the Barmhdev area and mostly fbtrodhara, Raikbar Bichhuwa,
Rauteli Bichuwa (Source: SWR record, 2009). Usuialthe monsoon season, due to
filling of the water inside Shuklaphata, Parerigiggers carry their hatchlings and
go to safe places usually higher region of resenveutside the reserve but if they
come to public affair they become injured (Persocaimmunication: Mishra
Nilambar, 2008). Talking to Mugger Crocodile in Rdmal there found no event of
the hunting and poaching of the Mugger Crocodile.

In questionarrie survey (Annex 20), 70% of the oegfent said that the Mugger
crocodile in Rani Tal had depleted in number theavipus. The 20 % said that the

status has not declined and 10% are not knowratass{Figure 36).
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Figure 36: Population status of Mugger Crocodile aRani Tal

Rani Tal was in safe security but found some illegdivity performed.There found
egg collection activity of Mugger for medicinal paose and diet, which was
especially by Tharu community from the Raikwar lbiafa, Rauteli bichuwa and
Beldadi area from Chaudhara River, Syali Nadi and @igure 37,Personal

communication: Chaudhary Lalu, 2009). It might hampugger dwelling in Rani

Tal area because Chaudhara River, Syali Nadi angegions lie nearby Rani Tal.

As illegal approach and poisionining on the Raniwas made by the Local Tharus.
Tharu people on asking did not represent for thergaing Rani Tal. But they point
alternatively he or she goes for fishing purpodegdlly to Rani Tal (Personal
communication: Chaudhary Lalu, 2009). From respohde the previous dweller of

Shuklaphata there was reported that people freyuembve to the Rani Tal area
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illegally to collect Singda, Khar etc. 20 % of p&mmpave seen/heard the illegal
fishing at Rani Tal. 5 % of the people believed feople frequently move to collect
eggs of crocodile from Chaudhara river area. Ofte®6 believed that mostly Tharu
people go at Rani Tal area for Khar collection &mjda collection. Remaining 55%

percentage of the publics has not heard aboutillagtivities(Figure 37).

llegal activity at Rani Tal area
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Figure 37: lllegal activity at Rani Tal

Most of respondents believed that for sustainabdmagement of Lak@hragmites
and other encroaching species, Alien plant andr@apecies should be removed time
to time; Dam outflow should be made with properhaging. 100% of the
Respondent's, the previous dweller of Rani Taksigghnic community believed that
cause behind the decrease in crocodile populati®aai TalwereNo proper basking
place byPhragmites invasion in lake area, Poor water quality, Lowdieg for

crocodile or not food sufficiency, and impact bynb#or free movement of hatchling.

3.9 Management options performed at Rani Tal

Reserve office usually perform the removing of pdaftom the Rani Tal using the
Local Tharus by not paying but allowing them tdlexd the edible plants e.drapa
and other usabld®hragmites. But the programmes were found not so effective
(Personal communication: Upadhyaya Gopal Prash#B)2 About past 10 year ago,
Lake tended to be dry due to high addition of titeasid sands, then DNPWC built
there dam at outflow side which was again damagedhb flood and the social
worker Petter repaired it again to recover Lakeewddvel in the Lake. But last time
it's water level decreasing day by day. Intervieveals that boring was tried to
recharge the differing Lake water in the SWR butatld not effective in Rani Tal
due to ejection of too much sand during boring imeTRani Tal. As Lake was
inaccessible approach to publics hence was fouifidudi to manage by the using the

local people. To recover the water level in Rarlj T@serve office in cooperation with
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Mahakali Irrigation Project was trying to build @rfrom Chaudhara River to Rani
Tal (Personal communication: Upadhyaya Gopal Pisi2008). One of the
respondents Mr. Bhole Man Thakur made argument the& to not leaving the
outflow holes from bottom of the Dam/embankmengéaamount of siltation took
place during the flooding which made nutrient aidditfrom the surrounding of Lake

and tends to huge growth of the floras and degi@daf Lake quality.

Many of respondent believed that the basking platesild be managed and other
habitat management in Rani Tal should be for thep@r wellbeing of crocodile.
Questionnaire survey revealed that earthen embamkin@es caused significant imact

on the impact on the Lake by deteriotating the watglity.

There seen the difference in the number of the Mu@iyocodile before the earthen
embankment construction or after earthen embankowargtruction. About more than
eight Mugger Crocodiles were reported to occur tefearthen embankment
construction which is being reduced to 4 nd®aragmites karka and other grasses
including invasive species have found to be in@daafter earthen embankment

construction.

3.10 Threats to Mugger Crocodile at Rani Tal

Sedimentation and siltation processes help to dseréhe Tal area as well as growth
and survival of water fauna and flora. Similarlgthinutrient status of Lake also helps
to grow of the increased flora as lead to eutragtioon and lead to the Lake
deterioration. The water quality if not in permissi limit, it directly degrades the
Lake hence effecting flora and fauna or disturles filod web structure. As water
contents is highly eutrophic with seasonal deficieaf oxygen might Kill the Fishes
and other Lake organism which are food of the Mugg®codile. Crocodile is one of
the major Carnivores in ecosystem if the qualitytled Lake are enhanced it will
directly harm the Lake depend Crocodile by declinmnumber of food materials for
Carnivores. Narkot and earthen embankment havarbet the Crocodile for freely
moving (Focus group discussion, 2009). As high Nagcowth had not let the sandy
soil bank to exist, this was desired habitat fax Mugger Crocodile. There is no a
suitable sand bank for basking and nesting. Basgimgity reed beds or islands are

complete covered with reed beds.
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CHAPTER 4
DISCUSSION

An ecosystem is a community of organisms’ plantamals, fungi and bacterias
interacting with one another and with the environmen which they live. The
physicochemical parameters of water are very ingmortfor the composition,
abundance and distribution of living organismsha aquatic ecosystem because the
interaction of physicochemical parameters creatbeeifavorable or unfavorable
circumstances for the particular biotic elementuAdance, diversity and distribution
of animals are related to various physicochemidatidfactors (Dutta and Malhotra,
1986). Water quality is one of the most overloolespects of pond management -
until it affects fish production. Several variablegluence water quality for fish
including water temperature, phytoplankton, phomtisgsis, pH, Cg alkalinity and
hardness. Hence, Threats on Mugger Crocodiles and Rl were traced on the basis
of field observation, result of data obtained frerater quality, vegetation analysis,
guestionnaire survey and all related aspects sgtudy. Additionally, water quality
can be affected through the interaction of theséofa (Stevens, 2009) so almost all
factors like bottom soil, site soil, vegetatiorttdr content was well studied. From
analysis, the trophic classification given by therdberg and Ryding (1980) and
OECD (1982) revealed the hypereutrophic conditibthe Rani Tal on the basis of
the phosphorous content and Total Nitrogen conf&nhex 1) and seasonally most
other parameters are also in out of limit. It mightise several impacts on the biotic
life surviving there even to Mugger Crocodile diedg or reducing food content of
Mugger Crocodile. Since any aspect of change irelladdy cause change in living
status of top carnivorous by reducing producersamgsumers. Mugger Crocodile is
top carnivores of system, hence threat factorsdatermined directly and indirectly.
Because any aspect of harm in producer and conslewer of the Lake ecosystem

might harm the Crocodile population.

Pollution level in Rani Tal may be studied from dslor reflect which ranged from
light green, green color to yellow green. The cafowater may remit from presence
of natural metallic ions (iron and manganese), hwi@nd peat materials, plankton,
weeds and industrial wastes (APHA, AWWA, WEC, 1998)ie to the presence of
the high amount of the green and blue green algamlly the presence of the
phytoplankton exhibits the green color (Agrawal99p Light green color of water

observed in monsoon is indicator of the pollution emrichment of the organic
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nutrients. BACH (1980) gave the chemical index ddtev in which green color
reflects the moderate pollution and light greenaate the critical pollution. Rani Tal
ranged from light green to the yellow green colmni monsoon to summer. In
monsoon season, Rani Tal supported the criticdufiah which might be due to the
addition of nutrients from surroundings which wasd in summer and winter season.
Somewhat green color reflected might be due taytbeth of green algae. Moderate
pollution shows the oxygen content above 6 mg/tt Ammonia in 0.3-0.4 mg/It. In
the condition of critical pollution oxygen conteist4 or even less with BOD 5-10
mg/It according to BACH (1980). With same color ofahg for critical pollution
Rani Tal showed higher BOD range then this limit.

The hydrogen ion concentration of water body is ohéhe most important local
factors known to influence fish community compasitiAppelberget al. 1992). The
pH is measure of alkalinity and acidity measuresydrogen ion concentration in
water. pH and C@content shows the negative correlation becauseophathesis
activity removes the COwhich results in the precipitation of Cag®y planktons.
pH content is determined by the amount of orgamd @organic content. The
increase in pH value indicates the presence opltemolphthalein alkalinity pH (8.0)
and decrease in the pH shows the absence of th®lpih¢halein alkalinity (pH 6 to
7). The hydrogen ion concentration of the waterybmdon of the most important

local factors known to influence community compiasit(Appelberget al. 1993).

High range of pH fluctuation in Rani Tal occurredmonsoon. It might be due to the
addition of bicarbonate from surrounding environimdime availability of the Carbon
dioxide, bicarbonate, and carbonate depends upmmplkhof water. In acidic water
free CO2 predominates but it rapidly declines abineeneutrality and pH between 7-
9, bicarbonate and carbonate source. pH ranged 6tdr8.2 in summer in Rani Tal.
If pH declines below 6.5, few eggs hatch and thea#q insect’'s level drop
(UNESCO-IUCN, 2005). A pH ranging from 6.5 to 9hbsst for the majority of the
organism (Wurts and Durbow, 1992). Monsoon pH flatés at different sites toward
alkalinity, might be addition of the bicarbonatdt Jeom surrounding environment.
Fluctuation of pH is due to the removal of carbaoxadle from water body by process
of photosynthesis occurring in submerged aquatantpl (Schutte and Elsmorth,
1954). Rani Tal showed pH not so less to hampeatagarganism. It was productive

range of pH in Rani Tal. Fresh water with pH ramgehe 6.0 to 9.0 noted to be
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productive and thus recommend for fish culture #del986; Anonymous, 1973).
Swingle (1967) reported <5 and >11 have been destras toxic and vulnerable to
the aquatic faunas. Natural water usually revedlyalue between 5 to 8.5 phlues
as is shown by Rani Tal. Fish have an average hy¢bdf 7.4, so pond water with a
pH close to this is optimum. An acceptable rangeuld/de 6.5 to 9.0. Fish can
become stressed in water with a pH ranging fromtd.8.5 and 9.0 to 11.0 values.
Fish growth is limited in water pH less than 6.%l aaproduction ceases and fry can
die at pH less than 5.0. Death is almost certam @t of less than 4.0 or greater than
11.0 (Stevens, 2009). Yadav, (1986) made study ftecteof the pH inChauna
punctuis found death of fish when kept up to 3.7 in 6 hexpposure. pH and above up
to 4 found change in Kydney system, hypertrophygeils etc and above 9 and 10
drastic changes in physiology occur with kidney aggdertrophying of epithelial cells
found degradation of the mucous cell, kidney damaggeneration of mucous cell
and in pH 11, ultimate death within 7 days exposlrehese all aspect, Rani Tal had
suitable pH. Pond water pH fluctuates throughoatdhy due to photosynthesis and
respiration by plants and vertebrates. Differeseagchers have different view on pH
criteria. The hydrogen ion concentration of watetolw 5 and above 11 has been
described as toxic and unsuitable for various gsoapaquatic fauna by Bastola,
(1999). UN, (1995) and Nepal water quality Guide)igGoN, (2009) reported 6.5 to
8.5 pH is recommendable for the common fresh waserand for livestock use. Out
side the range 6-9 is health risk for fishes. Abawd below of this range is harmful
to many plants and animals. Nepal water qualityd@me, GoN, (2009) also reported
for common aquatic species pH value should notdlte by 5%. Rani Tal followed
this point. Here in Rani Tal, pH ranged to suppb#g sustaining of the aquatic life
almost. Pokharel and Sang Hu, (2008) reported daotehat pH of the Rani Tal was

suitable for the aquatic animals.

Shrestha (1983) reported crystal clear and newtagdr for well survival of crocodile.
The water was found almost nearer to neutral camdmsidered as good for the
survival of Crocodile. MPCA (2010) reported 6.0-8adge of pH for well survival of
aquatic and semi aquatic animal. Since Mugger Qliteas semi aquatic animal,
according to given standard, Rani Tal showed thealsle range for survive this

species.
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Surface temperature showed average higher temperatu summer and lower
temperature in winter is due to the interactiorhvatmospheric circulatio.he high
surface temperature during summer and monsoon rbgllue to low depth of Rani
Tal. Due to low depth water heated quickRuctuation in temperature in different
sites might be due to some sites were shady anc fonopen sunshine areas.
Summer season shows somewhat rise in temperatimgsicBl, biological and
chemical processes in the aquatic environment ffeetad by the temperature. The
rise in the temperature leads the speeding upethiemical reactions in the water
decreases the solubility of the oxygen in the watéile increasing the Oxygen
demand of the fish. Higher temperature increasesditubility of the many chemical
compounds. The increase in the temperature wasafetl by the P and conductivity
(Bhatt et al., 1999). The water temperature effects physicahtbal and biological
environment of Lake directly or indirectly. The dymic of Oxygen distribution in
Lakes are governed by balance between inputs dadtthesphere, photosynthesis and
loses due to chemical and biotic oxidants (Wet28B3). The rise in temperature
speed up the chemical reactions reduces the stjyufifilgases and amplifies the taste
and orders (Trivedi and Goels, 1986emperature variations are part of the natural
climatic regimes. Natural bodies of the water mahileit it seasonal and diurnal
variation, as well as vertical stratification takasLake which is closely related with
the changes in the atmospheric temperature (Kumdane al. 1996). High
temperature is observed in summer season in RaniTfa high temperature usually
occurs when it is high organic load and hot seallogh temperature of surface water
was observed in summer and monsoon season in thieTRA Higher temperature
increases solubility of gases. Increase in the &atpre is followed by increase in pH
and conductivity (Bhattt al. 1999). Water temperature is one of the importaatadfrs

in aquatic environment as it affects the organismwall as it affects chemical and
physical characteristics of water (Delince, 199bd8, 2005). The Oxygen retaining
capacity of the water diminishes and biological gety demand increased with rising
up of temperature (Holden and Armstrong, 1980). ferature in range 20 degree to
32 degree in the water is ideal for the majorityfreEh water fishes (Boyd, 1979). In
winter season Rani Tal show value lower then tthésl temperature to survive fishes,
hence, might hamper the fish’s activity. When terapge goes far above or below
the tolerance range of given taxons e.g. Fishcingmoplankton, Phytoplankton and
its availability to survive may be reduced (Hoeghldberg, 1999). Water
temperature influences the onset of fish spawnatgwegetation growth and the
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BOD in ponds. As water temperature increases, ldshtess oxygen. Additionally,

plants and animals use more oxygen due to incre&sguration rates. These factors
commonly result in less available oxygen for fishridg the summer and fall months
(Stevens, 2009). Nepal water quality Guideline, G(009) reported temperature of
4-18°C is suitable for cold water, 6-32 for intermediapeecies and 24-30 for warm

water fishes. Rani Tal support temperature for $igtvival.

The transparency in water is also essentially &tfan of reflection of light from its
surface and is therefore influenced by absorptiwaracteristic of both water and of
its dissolved and particulate matter (Wetzel 1988y winter transparency measured
at some sites at Rani Tal might be due to highispemverage at surface water of
floating and submerged species winter season aid DS and TSS content. High
species coverage at surface and submerged andturighlity affect in measuring
water transparency. Water transparency is impofftanphotosynthesis. Low water
transparency reflects low photosynthesis actiwity,a result of which DO declines
and organism may be stressed. Transparency isseglyerelated to the turbidity
which is caused by the planktons and suspendedissioliwater column (Boyd, 1979).
Inorganic particulates may have detrimental eff@ct the aquatic organisms,
suspended particulate in the water provides vastuamof the surface area for the
growth of the bacteria and fungi and could increthgepotential for diseases in water
system (Cairns, 1967). These diseases might afifectsurvival of hatchlings and
young of different organism. Transparency showeth loiegree of the correlation with
of Chloride content conductivity is measure of camtcation of mineral constituents
present in water and gives an idea about the disdosolids in water (Khopkar,
2004).

The productivity of substance or solution depengsnuno. and kind of ion presents,
their relative charge and freedoms of ion to comé@scconductor. High value of the
conductivity might be due to decrease in water llameLake. The low value of
conductivity in winter season might be due to comgtion of the electrolytes and
ions by aquatic plants. Monsoon season showed sbatdvigher conductivity might
be due to the inflow of soluble salt from surrourgli. Conductivity of most
freshwater ranges from 10-1000 ps /cm. Rani Tabpsup this range. But many
exceeds 10000 uS/cm especially in polluted watesemearly have large quantities
of runoff (WHO, 1996). According to USEPA Inlanc$h water indicates that stream
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supporting good mixed fisheries have range betwi&ghand 500 us /cm. Fluctuation
from this can harm the fish population and otheratig bodies. Conductivity outside
this range could indicate that water is not suédbl water contain species of fish or
macro invertebrates. In some sites in monsoon sedRani Tal supports lower

conductivity than this range may be harmful to maaguatic and sub aquatic

organisms.

Do is also main factor for animal or plants in atpifife. If not in suitable percentage,
it might cause stress in animals and plants. DOwvshioigh degree of the positive
correlation with total alkalinity and chloride as@ynificant negative correlation with

the Nitrogen (Thapa, 2007). Increased range of D@inter at Rani Tal is observed
might be due to decrease in water and atmosphempdratures. Summer showed
somewhat decreased concentration might be duegtoteimperature of atmosphere.
Wetzel, (2001) reported solubility of Oxygen in pwater in relation to temperature
in equilibrium with air at standard temperature gméssure standard with water
vapors. Usually solubility of the oxygen in wateecdease with increase in
temperature (Master, 2004). High temperature afidityacaused the Oxygen to be
relatively low (Barden, 2001). As water warm holglicapacity of Oxygen decreases
and the DO released to the atmosphere (AgrawaR)18ut in monsoon the Oxygen
content found in stress may be due to high decoitiposate and addition of nutrient

from surroundings. The decrease in the DO in Rahinlight be due to high rate of
the decomposition of OM and macrophyte communitgi. ilRported same concern in
the Begnas Lake and Rupa Lake of the Kaski distidNepal (Rai, 1999). A low

concentration of the DO in the aquatic water badlides the organic pollution of the
water quality (Verma and Agrawal, 1988). The Oxygaturation concentration also
depends upon temperature and salinity (Weiss, 197@pntrast of the temperate and
the polar Lakes the tropical Lake does not exHiét marked seasonal fluctuation.
And thus it, do not exhibit the variation in thedts of the phytoplankton. This might
be the proper use of the presence of the greem wblole a year in the Rani Tal. The
tropical Lake generally supports the higher masghef algae but shows the low
species diversity. The tropical Lake which is eplvig in the nature contains the
continuous algal bloom of the algae throughout yhar. This floating mat of the

algae on the water surface manifest as barrieiftosds of atmospheric Oxygen to
the water and the Oxygen produced by them largetames to air (Agrawal, 1999).

The lower amount of the dissolved oxygen during soamm and in summer season
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than the prescribed limit in the Rani Tal might ¢thee high coverage of floating
plants. The floating plants shade the water coland decrease the photosynthetic
release of the Oxygen from the submerged plantsasswl reduce the dissolution of
the Oxygen in water. In addition when their deadtsand body decayed the organic
debris then shed to water, They adds to the BODutfit decay (Agrawal, 1999).
Water shows the high concentration of the DO at kmperature high rate of
aeration and high dissolution rate from atmosphkeosvest concentration of DO in
the monsoon might be due to high rate of the decsitipn of OM (Badge and
Berma, 1985). The solid cover of the free floatplgntsLemna, Wolfia, Spirodella,
Pigtia etc on the water surface may also reduce the l[dess@xygen content of the
water. The solubility of the Oxygen in the watetthe fluctuation of its temperature.
The lower is the temperature of the water, greatitibe the solubility of the Oxygen.
DO equal to or in excess of 5 mg/lt is considersdyaod for the majority of fresh
water organism (Adenji, 1986; Adakoét al., 1998; WHO, 1970; UN, 1995). Low
DO is often associated with epizootic outbreakbarterial and protozonal infections
in aquatic animals (Spotte, 1970). The label of €sent in the water is among most
important factor of the water quality. If the sofént amount of DO is not present,
animals will be stressed becoming vulnerable todiseases or parasite outbreaks or
will die (Stickney, 1979). Nepal water quality Galohe, GoN, (2009) reported that 6-
9 mg/lt DO is suitable for cold water species, 3)/lt for warm water and
intermediate species. EPA (2005) also reported Daulsgl not below the 5 mg/It for
aquatic and semiaquatic animals. All sites in monsseason shows less then this
range and some site in summer season also shows W@ue then this range in Rani
Tal. Presence of the DO in good quantity in watediés had tendency to improve
water quality by oxidizing positioning gases suck Hydrogen sulphide and

Ammonium in to heir non poisonous form (Resleed .2003).

The increase rate of the respiration and the deositipn in turn decreases the
oxygen in water and increase the rate of the saffoc and killing of the fish.
(Agrawal, 1999). If the sufficient number of the DOnot present, animals will be
stressed, becoming vulnerable to diseases andtgavatbreaks or will die (Stickney,
1979). Hatchlings of Crocodiles could not be outttu outbreakShrestha (1983)
reported Crocodile need high Oxygen content wdtenight help alternatively with
increasing organism diversity and density in Lakiee Lake showed the low level of

Oxygen in monsoon and summer season. Accordinghtesga (2001), this might
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help to cause the stress to the Crocodiles by neguthe aquatic diversity of
organism. The low DO may stress the fish and |pgette which directly affect fish
growth and even fish kill at very low DO level (€6. mg/lt) fish showed mass
mortality (Rai, 1988). DO below 5 mg/lt is considdrto be insufficient for
survivability of many organisms. Oli reported DOdye the 2.5 mg/lit is considered
as lethal to the fish community existing in the evabvody (Oli, 1996). According to
UNESCO, DO below 3.5 mg/lt is likely to fatal fareth water fisheries (UNESCO-
IUCN, 2005). Level below 3 ppm is stressful to maguatic organisms and level
below 1-2 ppm will not support the fish (Field Eogy Lab, 2000). Same range below

is observed at some sites of Rani Tal may cauedif fish.

Chloride is common ion that has little biologicagrsficance in the fresh water it
serves as a little marker for water quality movetreerd dilution (Brocks and Paffen,
1985). Hot season showed relative decrease in ChloridRani Tal, the relative
decrease in the Chloride concentration during leassns especially in autumn may
be due to the dilution after rainy seas®hapa, (2007) found relative decrease in the
Chloride concentration during the hot period’s esgpéy autumn due to the dilution
after rainy season. The highest value of it dutimg winter season may be due to
reduction in water level. Chloride showed the negatcorrelation with Total
Nitrogen and positive correlation with phosphategfHvalue of Chloride observed in
monsoon season may be due to adding from surrogridmugh monsoon flooding.
Low value in winter season might be due to low ligeéhe plant community and less
rainfall so that it can not be added through surding sediments. Summer season

shows high value might be increase in water level.

Up to 40 gm/l Chloride content is adaptable to éigualants. Rani Tal showed the
suitable limit according to this adaptance. Chlerid excess is pollution indicator.
Chloride concentration of the fresh water is lesant 10 ppm. It enters to water
naturally from sedimentary source (Kegalyal. 1995). United state public health
society reveals maximum level of Chloride to suevaquatic organism as 290 mg/It.
UN (1995) reported more than 350 mg/It of Chlorisdharmful for aquatic use and
other demand of fresh water. Nepal water qualitydéline, GoN, (2009) reported
that fish can survive at <600 mg/lt of Chloride. ®# (2010) reported that for

survival of the aquatic and semiaquatic animalsG@h#ride concentration up to 230

100



mg/It as chronic standard and maximum standard 860t is limitable. Rani Tal

showed the concentration in limit to survive for §der Crocodile.

Hardness is a measure of alkaline earth elements a1 Calcium and Magnesium in
pond water. Hard water has a higher concentratfoall@line earths. Calcium and
Magnesium are essential to fish for metabolic ieast such as bone and scale
formation. Additionally, Hardness and Total Alkatin can affect pH through
interaction with the C@cycle (Stevens, 2009). Hardness of 15 ppm or aloag
suitable to the organic compound (Swingle, 196he Talcium content of the water
bodies fluctuates directly with bicarbonates anthhbaf these moves inversely with
carbonates and pH concentration. Pearshall (193@)Zaffer (1967) have observed
the direct relationship of Calcium and bicarbonalds relation can be interpreted on
basis of the dissociation of the Carbonic acid HG@o H" and HCG bring change
in concentration of pH in water. Increase in Caitiand Magnesium Hardness
increase Total Hardness. Total Hardness is caugdbebdissolved Magnesium and
Calcium in water. Total Hardness in water affetis physiochemical and biological
parameters. Lind (1974) reported Hardness of 100t asgcommon in Nepal. Nepal
water quality Guideline, GoN, (2009) reported <1§/itnof Magnesium and 20-100
mg/lt of Calcium carbonate is suitable for aquamat High value of Calcium
hardness observed in summer season in Rani Tal tnbgh due to organic
decompositions.The contents released from died mollusk shells afsoease
hardness of water (Khan and Chowdhury, 1994). Fapfrom surrounding of the
Rani Tal might contribute the addition of Calciumntent in Rani Tal. Somewhat
high content of Calcium and Magnesium observed ai Rral might be due to
addition of the Calcium and Magnesium nutrient frauarrounding. The water
hardness of 15 mg/lt or above may be considerdadldaifor the animals and plants
(Swingle, 1967). Lower than this hardness range wlaserved in winter season
observed might threat for aquatic and semiaquatimals like Mugger Crocodile.
Rani Tal showed not such a high content of wateCatium. If there high level of
Calcium hardnes in water; it may cause significeffeect on the crocodile when high
Calcium water was consumed. Singhal. (2001) noted rubbery snout and hunch
back condition occurrence in the captative Muggduwe to the high level of the

Calcium presence consumed by Crocodile.
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Alkalinity is water's ability to resist changes jrH and is a measure of the total
concentration of bases in pond water including caates, bicarbonates, hydroxides,
phosphates and borates. These bases react withneutdalize acids, buffering
changes in pH. Carbonates and bicarbonates arentis¢ common and important
components of alkalinity. Water with high alkalynind similar hardness levels has a
neutral or slightly basic pH and does not fluctuatelely (Stevens, 2009). As
seasonal fluctuation of Alkalinity occur in RanilTahe seasonal fluctuation of the
Total Alkalinity value might be due to the photosyesis macrophtes and algae
(Mandal, 1979). The Lake water of Rani Tal was regbto be alkaline thought the
year. Same condition was reported by Jayana (1@OBeshhazari Tal of Chitwan,
Nepal. Highest Alkalinity value observed in wintseason may be due to not
consuming of bicarbonates in the Lake which migltmf sorounding water in
monsoon seasons. High Alkalinity observed in monsseason might be due to the
addition of bicarbonate salt from surrounding dgrinake body due to flooding.
Some what less value observed in summer seasont h@ldue to increase in
temperature causing decrease in water level butitiiczing the bicarbonate contents

by vegetation.

Higher value of the Alkalinity in the monsoon mag tesult of the decrease in water
level by the evapo-transpiration and lack of flughiRelatively low in post monsoon
may be attributed to the flushing and dilution khinfall along with runoff. Alkalinity

of the water usually imported by presence of theattonates, carbonates and
hydroxides. The presence of the free,G®an aquatic environment usually showed
the inverse correlation with Total Alkalinity suchlation also observed by Bastola
(1999) in Begnas Lake.

An optimum level of Alkalinity provides good buffag effects to the pH swings that
occur in water body preventing extreme diurnal pktbiation (Boyd, 1979). A total
alkalinity of the 20 mg/lit or more is necessary fgood community productions
(Wurts and Durbow, 1992). Total Alkalinity showeldet negative correlation with
Chloride, Phosphate and Total Nitrogen contentn8pg1964), the water bodies are
categorized in to different according to Total Alkdy values as poor nutrients (1-15
mg/It), moderately rich nutrients (16-60 mg/It),daRich nutrients (up to 760 mg /It).
According to this value, Rani Tal lies in rich natits categories. A Total Alkalinity

of the 20 mg/l or the more alkalinity is necesstoly good community production

102



(Wurts and Durborow, 1992). The high alkalinity Rani Tal is indicator of good
indicator of the community production. Jhingran (&9 reported pH value less then
8.3 mg/It but more than 4.5 mg/It has practicallyaarbonates. Alkalinity only occurs
in absence of COan pH greater then 8.3 mg/It. Bastola (1999) aégmrted Total
Alkalinity of the water due to the fluctuation dfe bicarbonates. Suspended dissolved
OM and inorganic, matters are responsible to hidagit penetration (Stepanek,
1959). High value of TS, TDS and TSS were obsemedonsoon season. TDS, TSS
and TS reported to be much higher in monsoon saasRani Tal might be due to the
inflow of silt and sediments and other loads fromrgunding.EPA drinking water
quality standard for the aquatic and semiaquatimals that more than 120 mg/lt is
not desirable. According to this limit the water Bani Tal was not suitable for
aquatic and semiaquatic animals. (Nepal water tudHuideline, GoN, 2009)
reported <50 mg/lt of the suspended solids are cest®al with problems of
sedimentation and irrigation and <2000 mg/It ofald®issolved Solids and < 20,000
of total suspended matter (For turbid water spégcesesuitable for aquaculture (Nepal
water quality Guideline, GoN, 2009). These factbesote Rani Tal is at high rate of
sedimentation and siltation. Nepal Water Qualityidéline, GoN, (2009) also
reported that TSS and TDS should not change bynib 1®% during year. This
chagement was occurred at Rani Tal. UN (1995) tedanot maximum 60 mg/It of
TSS and TDS is desirable for most of aquatic fresiter use but Shrestha (1983)
reported the high Total Dissolved Solids is impotteor survival and well existence
of Crocodile. The present Total Dissolved Solidpmurt the Mugger Crocodile
according to Shrestha (1983).

Nitrate was the end product of the aerobic stadtilim of the organic Nitrogen and
found in water bodies are found in different fortige nitrites, ammonium and
various organic forms. Nitrate in the Lake bodydige to the denitrification of the
OM, atmospheric Nitrogen and surface runoff of sgsyafertilizer and pesticides
from nearby watershed and agriculture area (Lirif41 Hannaet al. 1979). The
highest value observed in summer season might leetaliuhe decomposition and
degradation of the organic Nitrogen content in s@niseason due to temperature
favoring. The lowest value observed in winter miglet due to the intaking of this
inorganic Nitrate content by the growing plantsc&ssive consumption of the Nitrate
by the phytoplankton in Lake decreases the Nitcatgent in year Lake environment

(Ruttner, 1953). It might be due to the decreaseth bacterial tendency of
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denitrificaton and minimum surface runoff from swnding. Nitrate mostly not
hazardous for fish and aquatic life but precisdhhigh level then 50 ppm may be
stressful some species excess algal growth mayr ancexcessive growth hence
effect indirectly. Excess Nitrogen can cause hypaxi low level of oxygen become
toxic to warm blooded animals at higher concerdgrathan 10 mg/It or same under
certain condition (Davis and Cornell, 1991). Acaogld to Tchnobanoglous and
Schroeder, a level of 0.19 pef wan be lethal to fishes. In this context the wafer
Rani Tal was suiting for the survival of fishes agiatic organism (Tchnobanoglous
and Schroeder, 1985). The highest value observedrimmer season might be due to
the decomposition and degradation of the organimien content in summer season
due to temperature favoring. The lowest value olegkin winter might be due to the
taking of this inorganic Nitrate content by the \gnog plants. Nepal water quality
Guideline, GoN, (2009) reported <300 mg/It of Ni¢rés suitable to almost fishes and
<100 mg/lt Nitrate for livestock use For common afi ecosystem the Nitrogen
should not vary by 15% of water body under locampacted condition of any time
of year. Rani Tal showed such seasonal variatioerevkialue exceeds by half almost.
UN (1995) reported that up to 10 mg/lt is importémt fresh water need for aquatic
and semi aquatic animals. In this context the Rabishowed suitable limit. Hence

the value of Nitrate observed was found suitabtdtie living of Mugger Crocodile.

CO; present in the low concentration in the air. laut 200 times more soluble in
water than in the oxygen but rate of diffusion lo¢ {CQ in water especially rich in
minerals of the 10000 times slower than air. ,.C€ntent depends upon the
temperature of the water, depth of the water, oathe respiration, decomposition of
the OM, chemical nature of the bottom and geogiagland physiological features of
the terrain surrounding water GQrontent increases with the increase in the
temperature (Agrawal, 1999). The high £@ay act indirectly to pump mineral
nutrient from sediment. On water column as it states macrophytes growth nutrient
uptake by macrophyte roots and translocation tmtsh@Titus and Pagano, 2002).
Free CQ is an important water quality parameters high eotration depresses the
affinity of the fish blood for C@ and Oxygen and cause suffocation of the Fish
(Spotte, 1970). Aquatic organisms are greatly s&éfavhen free C@concentration

in water exceeds 25 mg/lt (Yadav, 2002; Anonymdi#/3). CQ rarely cause the
direct toxicity to the aquatic animals however hagimcentration of C®lower the pH

of the water body and lower the Oxygen carryingacay of fish blood by lowering
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blood pH at gills (Wurts and Durbow, 1992). Theeeffby which high concentration
of the free CQ depress affinity of the fish blood to Oxygen isolim as root effect

and this may be significant in water system withv I®@xygen tension and weak
buffering capacities (Spotte, 1970). High £@Concentration in water is often
associated with epizootic outbreak of the bacteaiatl protozonal infections in
aquatic organisms (Spotte, 1970). In winter seaBamj Tal showed such situation,

where, the level of Céhere observed might hamper the fish community toige.

As Rani Tal was reportedto have high £€ontent in winter season. The highest
concentration of free COin winter season might be due to low utilizatiog b
macrophytes and low utilization by animal respoator due to less use of the £y
below cover of the phytoplankton and other surfatant cover or due to their
growing season. Low value was reported in monseasan in Rani Tal. Low value
in moon soon and summer season might be due tceaserin temperature,
decomposition rate and respiration rate of livimgamism. Increase in temperature,
decomposition rate and respiration rate of livingiamism help to decrease €0
content (Verma and Agrawal, 1988; Ruttener, 1958¢e CQ of the most aquatic
ecosystem is seldom present in excess quantitieaube of its reactions with
carbonate equilibrium and exchange in the atmogph@arbonate extends as
threshold of all productions. GGn water from carbonic acidJ&0O; dissociates into

H* and Hcag brings the change in the pH of water (Ruttner,3)95

Emergent or the surface floating aquatic plantsiob€Q from the atmosphere which
enters the stomata on leaves, while submergedsptamst obtain Cgdissolved in the
water only those bodies of water abundantly supgphgth CQ, support luxuriant
growth of the algae. Although an adequate supplthefCQ ions essential for the
development of superabundant water bloom, an iser@athe physiology of fishes.
High concentration of the free GQs produced by the OM decomposition and
respiratory activity of the aquatic plants and aalsnBastola (1996) reported higher
concentration of the COin the Begnas Lake of the Kaski, Nepal by OM

decompositions and respiratory activity of the pdeand animals.

High concentration of the Glepresses the affinity of the fish blood for oxygem
cause suffocation to fish (Spotte, 1970). The ayenzalue of the CoOmore than 6

ppm is not suitable for the fish culture and othquatic, sub aquatic and terrestrial
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wildlife propagation (APHAet al. 1997). Hence the value of G@bserved was
higher then permissible limit hence was not comeidesuitable for Mugger
Crocodile. Nepal water quality Giudeline, GoN, (2D@eported that up to 75 mg/It of
CO; is suitable for fish. The permitted level of €@ water for survival of Aquatic

organism is 4.0 mg/It to 25 mg/It (Jayan, 1997).

High BOD was found in monsoon season might be duagh organic load flooded
from surrounding with high microbial load. Winteeason showed somewhat low
BOD might be due to low OM content. Nepal waterIquasuideline, GoN, (2009)
reported that BOD should be less than 15 mg/ltr afpuacultureAccording to UN
(1995), 5 day BOD should not above 7 mg/It for camnnaquatic use by organism
and other aquatic and semi aquatic use. AlmostenidgdOD than this range was
reported in Rani Tal showed water was not desirdbledrink by aquatic and
semiaquatic animals in almost all season. Henceowasidered not suitable for the

Mugger Crocodile.

Surface water contains Total Ammonia of typicaltgd than 0.10 mg/It as Nitrogen.
Total Ammonia concentrations measured in surfacemare typically less than 0.2
mg/It N but may reach 2-3 mg/lt N (WHO, 1996). Higalue of Ammonia in Rani
Tal in summer season and monsoon season obserghd Ioei due to the addition of
nutrient from surrounding and heavy decompositioin tlke organic material.
Ammonia ranges site wise as lower occurrence thascpbed limit by WHO as
Ammonia/Nitrogen in Rani Tal. Nepal Water Qualityui@eline, GoN, (2009)
reported 0.25 microgram per litre is suitable fotdcwater fish and 0.30 microgram
per litre of Ammonia is suitable to warm water fidMPCA (2010) reported that for
survival of aquatic and semiaquatic animals, mbest0.04 mg/It of the Ammonia is
harmful in aquatic body. Summer and winter seasoRani Tal showed somewhat
high range than this criterion may be harmful twag and semiaquatic animals,

hece was considered not suitable for Mugger Crdeodi

Phosphorous is commonly accepted as the most diargrautrient in the freshwater
Lake ecosystem (Schindler, 1975). The Phosphomas kessential component of the
energy and seems to be limiting factors. Phosplsom®wiologically active element
that comes from metabolic synthesis decomposittberahan leaching of phosphate

rocks, thus is good indicator of the water pollatiLind, 1974). It increases the

106



growth of the blue green algae. Oligotrophic Lakegtiently has 0.001 mg/l of the
Phosphorous. The lowering of this results in tordlease of the more Phosphorous
sediments on water (Agrawal, 199®hosphorous occurs in natural water body as
phosphate. Orthophosphate applied to the agrieutturesidential cultivated land as
fertilizers which are carried to surface water wstlorm runoff. Organic phosphates
are formed primarily by the biological process. Y¥lege contributed to the sewage
organic wastes. Phosphates are limiting nutrieischvare discharged as row or
agricultural drainage. Enrichment of Lakes and mesies with plant nutrients,
particularly Phosphorous leads to eutrophicationoapanied by degradation of
water quality (UNEP-IETC, 1999). High seasonal aoin in phosphate was obtained
in Rani Tal. The seasonal variation of the Orthpihate of the Lake is due to the
fluctuation on the surface run-off, weathering ofks, soil decay, and mineralization
of the plant and animals remains (Kennan and Jbo#f30). Eutrophication is natural
aging process of Lakes that may be acceleratedlgrdmough human activities
which is referred to as cultural eutrophication as, 2004). The end of nutrient
enriching process occurs when the Lake becomesatow, and so chocked with
living matter that it becomes hypereutrophic (Waét73). Yoshimura (1937) used the
Phosphorous —p as indicator and classified >0.0/% ) eutrophic and below that as
oligotrophic. According to this standard eutropHiake and from standard of
Forsberg and Ryding (1987), Rani Tal lies in hyp&agphic Lake (Appendix 2).

Rani Tal showed somewhat large amount of Orthophatepand Total Phosphorous
during whole year. This might somewhat may be dughé high level of phosphate
content in the surrounding and bottom soil. Thedmtgeology was found to be rich
in the nutrient content. It may be due to decontpmsiof OM content. Heron (1961)
has indicated that the phosphate increase may édoddecayed phytoplankton and
concentration of zooplankton etc. The high Phosph®rin summer season may be
due to resulting from higher consumption of macsgphaccording to Zutshi and
Vass, (1973). The increase in the phosphate coimtieRtani Tal may be due to the
high decomposition rate of the OM, high nutrientiéidn from surface runoff and
decay and mineralization of the plant parts. Theceatration of the Total Phosphors
in the water body seldom exceeds 1 mg/lt even ghlii eutrophic water (Boyd,
1979). But Rani Tal showed higher than this ran§elratal Phosphoropus. The
highest value was obtained in monsoon and summBam Tal might be due to the

microbial degradation of Total Phosphorous by biétehat is collected by flooding
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in the Lake in monsoon season. The lower valueimddain winter. The lower value
of the phosphate level in winter might be due te aokthe nutrient by phytoplankton
(Gachteret al. 1974). Nepal Water Quality Guideline, GoN, (200&)orted 0.6 mg/It
of Orthophosphate suitable for aquaculture usecording to DHM, (1996)
Orthophosphate concentration above 0.1 mg/lt icatdr of pollution. Nepal Water
Quality Giudeline, GoN, (2009) also reported tha¢ ttoncentration of phosphate
should not be changed by 15 % at any time of tla.yEhis percentage change was
occurred in Rani Tal. UN (1995) reported 0.4 mggltmaximum for freshwater
needed by aquatic organism and semiaquatic anionadrfnking. Rani Tal showed

the water comprises more than this limit.

Although Lake bottom showed high amount of the Bsitan content in Rani Tal but
very low amount of Potassium found in Rani Tal oniext to Lake bottom. The
concentration of the Potassium contents in therabfwrface waters is much smaller
than the Sodium ones despite the fact that botimeries are present in lithosphere
almost same quantity and the solubility of the Bsitan salts in the water is better
than the Sodium salts (Stanley, 1993). The highamcentration of Potassium
occurred during monsoon might be due to additiomfi.ake surrounding burnt OM
and ash content. Very high amount of the Potasssuharmful for most of aquatic
and other semiaquatic anima&odium content was found almost higher in Rani Tal
in all season. Increase in the blue green aldaabaane, Nostoc, Anacystics in
eutrophic water may in part be associated withnaneiase in Sodium contents in the
Lake (Stanley, 1993). Arsenic also was not repoite@®ani Tal. UN (1995 ) and
Nepal Water Quality Guideline, GoN, (2009) andamed up to 0.05 mg/lt of
Arsenic is desirable for fresh water use by orgarasd other purpose. EPA drinking
qguality standard for semi aquatic and aquatic alsin® maximum 0.05mg/It to
present in drinking water. Not occurrence of Arsenmiight be due to absence of

Arsenic content nearby surrounding rocks and soil.

Rani Tal showed almost higher productivity in whgéar round. The highest value in
winter season might be due to high Oxygen saturaiidhen DO is more the primary
productivity also is more (Odum, 1996jJigh Alkalinity found also represent high
productivity of Lake. Higher ratio of the bicarbdes over carbonates can be used as
an index of the higher productivity (Khan and Quaju996). The Carbonate formed

after Bicarbonate decomposition. Frequently préaipias Calcium Carbonate and is
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deposited as submerged plant part giving them tiaese texture in th€hara and
other plants and increase their survival againszigg. When there is decrease in pH

and bound C@there is increase in the predominance other algae.

Phytoplanktons are microscopic plants that produost of the Oxygen and are the
base of primary productivity in a pond. Phytoplamktdepends on sunlight for
photosynthesis and produce Oxygen during the psoédsytoplankton use Oxygen at
night through a process called respiration. Extdnperiods of cloudy weather can
cause a phytoplankton die-off, using oxygen dudegomposition. If phytoplanktons
are too abundant in a pond, the amount of oxygexd dsiring night time respiration
can cause Oxygen depletions for fish (Stevens, RA0@b (1985) suggested fresh
water communities' primary productivity is limitéxy the light and Phosphorous. In
productive wetlands the presence of @tara, Wolfia andUttricularia in water are
indicator of water pollution (Agrawal, 1996). Raral showed the presence of them,

indicating polluted with organic load.

Soil pH varies from acidic to alkaline in year alhowith little change. pH in
monsoon season ranges from 6.7 to 7.3 almost fitttguation from neutral point.
The acidic range might be leaching from site snd alkaline condition might be due
to high decomposition and microbial activity. Then@dactivity ranges high in Rani
Tal. High Conductivity in soil might be due to thigh salt concentration and nutrient

content.

Soil texture analysis ranged from clay to sandy talclay loam in bottom soil. Clay
loam has highest water holding capacity and sapndynlhas lowest water holding
capacity. Young (1976) reported that sandy soilsl less OM than clays by about
half as between a sandy loam or loamy sand. Sedsnpary the significant role in the
process of the eutrophication of the Lakes. Thgeglanature of the Lake is associated
with the coating of the fine grained particulate Qihich provides highly active
physicochemical side for both adsorption and deswrpf the Phosphorous and the
wide range of the trace metals and organic poltstaf the low solubility (UNEP-
IETC, 1999). Clay turbidity in ponds is one of thmst common quality issues we
address however; water quality can be affectedutiirothe interaction of many
factors (Stevens, 2009).

109



Seasonal occasional depression in water conteritake might be due to the
atmospheric climatic change, irregular patternahfall and temperature. Soil OM
for Bottom and Site soil ranges very high in Lakettbm ranges from might be
addition from surrounding flooding water which c¢asr large number of nutrient
content in monsoon season. The winter season anchsuseason showed lower than
monsoon but high concentration of OM might be lass by phytoplankton and
surrounding macrophytes. The Total Nitrogen rangah in monsoon season. In
winter season and summer season, it ranged lowtrnggless used by phytoplankton
and less contribution to the water content. Thése high available phosphate was
reported in Lake Bottom in all three seasons magiueeto contributing from site soil

and flooding surrounding.

Vegetation sitesoil texture ranged from clay loam to sandy clay w@h high water
holding capacity. Pokharel and Sang Ho Jun (2008Jemstudy on siltation and
environmental changes of two wetland i.e Rani TalS&lgaudi Tal in the SWR,
western lowland Terai, Nepal) reported that RarlisTeegetation was comprised of
mixture of the texture. As in Rani Tal vegetatian sexture ranges from clay loam to
sandy clay soil with high WHC. Among the soil tevdClay loam has highest WHC
and sandy loam has lowest WHC. Young (1976) refdattat sandy soils hold less
OM than clays by about half as between a sandy loalnamy sand and sandy clay
or clay. High WHC somewhat control the soil to weded in matter it contain high
organic nutrients but high matter of the OM alsdpha eutrophication problem in
Lake body. WHC of the soil plays important rolepiant growth. WHC varied with
texture and OM. Finer texture and greater OM reéflgeeater WHC (Joffee, 1953).

Vegetation sites of Rani Tal showed 4.9 to 5.2 ldfip present study. Pradhahal.
(1967) also reported soil of Singhpur of slightlcidic well drained loam
underdrained by sandy loam and medium to high in &@kikent with average pH 6.0
to7.5 at surface soil. Present study showed somelawar pH than this. High pH in
Rani Tal area soil was also given by Pokharel aamtg3Ho Jun (2008).

High WHC somewhat control the soil to be erodedpmiatter it contain high organic
nutrients but high matter of the OM also help itrephcation problem in Lake body.
Among the soil texture clay loam has highest WH@ sandy loam has lowest WHC.

Young (1976) reported that sandy soils hold less Dih clays by about half as
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between a sandy loam or loamy sand and sandy clalap. In Rani Tal, Pokharel
and Sang Ho Jun (2008) revealed that the soil type mixed with different soil
texture classes. Soil in Sal forest area of thei Rahis very strongly acidic. Present
study also showed that soil is highly acidic atetatjon site of Rani Tal area. Low
OM and Nitrogen content in soil and high phospherouboth the areas found by
Pokharel and Sang Ho Jun (2008). Pradéiaad. (1967) found the 1.033 to 4.447 %
of the OM content and 0.154 to 0.210% of Nitrogemtent in soil of Singhpur
nearby Rani Tal. Some what same pattern was fauithni Tal area in present study
as OM found presently was medium of 3.2 % about %.2and Total Nitrogen
presented of 0.32 % to 0.30 % which was somewlgliehirange then determined by
Pradhanet al. (1967). Pradharet al. (1967) reported acidic range of soil in
Kanchanpur district within range 5.7 to 6.9 andahiie range of 7.2 to 8.9.
Somewhat acidic range of soil found in Rani Tabafotassium ranged from 232 to
240 kg/ha from respectively and avaialable phospkhbws high range from 150 to
160 kg/ha in Rani Tal in present study. The samgeaf P and K found are 8.34 to
166.92 kg/ha and 150.08 to 290 kg/ha respectivglytadharet al., (1997) nearby
Rani Tal area in Singhpur. But present study showestium content of OM.
Somewhat high Total Nitrogen percentage was regode study area with the
standard compared with (Pradhan, 1996). Pokhargél $ang Ho Jun (1996) also
performed micronutrient analysis of the soil reegalhat Mo, Zn, Cu and B content
was low. In present study such analysis were nofopeed due to laboratory
constraints. Here in Rani Tal high amount of theogghate content and Total
Nitrogen content might be cause in adding Phosplsormtrients and high Nitrogen
percentage in the Lake body. Rani Tal bottom dwdvsed high organic content but
site vegetation soil had medium OM. In context sigetation soil had not so much
contribution on Lake Bottom to enrich OM. Goltermairal studied sediment of Lake
and found that sediment affect the condition inewahrough respiration process
because animals living in sediments play fundameata in Lake bottom ecosystem.
By extracting sediment core, information can beawt#d on changes that have taken

place in ecosystem (Goltermeinal. 1983).

Sorrounding and Lake Vegetation is important factor csause the change in
morphometry of Lake and quality of water. As higldgicroaching native species
Phragmites karka has found to have encroached highly in the reeld bad coverage

of the floating plants was almost high in the mams As we know isands are

111



usually have many kind of encroacinhg and exotiecgs and more species were
found at habitat edge (Meyers and Bazely, 2003yvds reported that these three
species were always together because ofPtiragmites karka was found to make
areas easier for invasion ISachhraum spontanium, Erianthus rawinnae. As round
the almost, the floating species on the Rani Tdldwvered almost whole water body
except the initiation of winter season this mightdue to high addition of nutrients in
Lake. The floristic and faunal diversity of the Veetd influenced by the
physiochemical parameters such as water transparenonductivity, water
temperature, pH and, nutrient status (CBIP, 19T8gre foundNymphea nouchali,
Nelumbo nucifera, Trapa quadrispinosa species together with alien specieistia
straoites, Alternanthera philexoroids, Ludwigia sps. Here Nymphea nouchali, Pistia
straiotes and Trapa quadrispinosa have 100% frequency which is followed by
Nelumbo nucifera, Ludwigia adscendens and Lemna minor with high frequency.
Pidtia straiotes have highest density followed thyemna minor of and followed by the
Potamogaton nodusus andWolfia globusa. Highest density oPistia straiotes help to
decrease the Oxygen level and water quality degradan Rani Tal. Floating
community have the diversity index of 0.86 whichhigh diversity index shows the

plant community is highly diverse.

In counter to the free floating organism estimatiogh coverage was found due to
Trapa quadrispinosa, Nelumbo nucifera, Nymphea nouchali, Pistia straiotes andthe
speciesNymphea nouchali. Pistia straiotes andTrapa quadrispinosa found to have
100% frequency with lowest frequency lafdrilla vercillata. Pistia straoites found

to be highest density and dominance followed\lgynphea nouchali. Among all sps,
Pistia and other broad leaved floating species might lggeat impact on Lakdistia
straiotes L. mats in water degrades water quality by blogkithe air water
interference and greatly reducing the oxygen léwethe flora and fauna of wetlands
in water, eliminating underwater animal such aB.Tfikey also help to decrease birds'
population due to difficulties in food availabilityGrimmetet al. (2000) reported
overgrown exotic plants in water body of Nepal deoh bird population. Smilarily,
due to high growth of alien and native invasivecspge Chhetri (2006) had also
reported decrease in wetland dependent bird specEseshhazari Lake.

Thick and intensive mats can block both sunligid aim from leaching water surface
(Tiwari et al. 2005) Tiwari et al. (2005) also reported IASs reduce abundance of the
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native species and may alter the community strecind ecological processes such as
nutrients cycling, energy flow or hydrodynamic peoy of the particular ecosystem.
The introduction of thelpomea carnea ssp fistulosa, Altenanthera philexoroids,
Echormnia crassipes, Myriophylum aquaticum and Pistia straiotes influence wetland
environment by reducing the DO level and trappihgediments changes in habitat

structures, water quality, food web structures fastudiversity (Tiwariet al., 2005).

The invasive species like free floating macrophytésch occur submerged or on the
surface exhibit great diversity in morphology andbitat like Lemna, Pistia,
Eichornia, Chara etc. The high development of these plants canltrésuthe
excessive loading of the OM and nearly total atation of light below the surface.
The high nutrient content behind Rani Tal mightdoe to these species presence. As,
it causes several reductions and depletion of D, result loss of invertebrates and
fishes (Wetzel, 2001). As Tiwast al., (2005) made inventory and assessment on
invasive alien species of Nepal reportdternanthera as medium risk posed species
in Nepal grow in Lake and marshes of high nutriezdatent. The plants can form
mats that extend over water surface even to supperght of person. The mat
disturbs the natural ecology of the wetland siterégucing light penetration and
crowding out of the native species. Serious infesta can create anoxia, diseases
and good breeding ground for the mosquitoes.

Monsoon showed somewhat high depletion in DO iniRah Reduction of low DO
in monsoon seasons might be due to the high cogeyhgative and floating invasive
plants coverage in Rani Tal. Beside this some fleating species contain high
evapotranspiration ratio. Although the aquatic vafyen gives substrate to certain
animals and provided the mechanical covers and faidsvildlife to escapes from
natural predators (Bennett, 1970). But dense suipedernnd floating aquatic weds
restricts light penetration, reduce photosynthattivity of phytoplankton and cause
serious deterioration of water quality (Boyd, 197Jhe Pistia straiotes is one
reported to be highest evapotranspiration rate @9 Inmd" (Brenzy et al. 1973)
helps in Lake drying. Rani Tal was in hyper eutioptondition. This condition of
change from eutrophic to high eutrophic conditidnRani Tal might be due to
changed by large covering of the species floatikg Pistia straocites and other

submerged species of plant growing. MC Eachern @L9@ported that Water

113



Hyacinth mat on Lake surface has change status aske Lfrom mesotrophic to

oligotrophic level.

Macrophytes usually consumed by various aquatimalsi. Macrophytes act as pump
by adsorbing nutrient from the soil and then raleggatshem in to Lake Water. The
macrophytes have significant role in water commasit and influence

physicochemical parameter of shallow water (Hutsbim 1975).

The physicochemical parameter and biological chiaretics of the water of Lake
depend upon the nature of its bottom, growth ofnogitytes, suspended particles and
color of water. The physicochemical parametershefwater are basically important
for decomposition, distribution and abundance ofthie fauna because interaction of
the physicochemical parameters create either fal@rar unfavorable condition for
development of particular biotic element (Dutta akldilhotra, 1986). Rani Tal
comprised of high structural diversity of the magsid sorrounding vegetation for
supporting many species of wild fauna. Greatercstinal diversity of the Lake
vegetation leads to the greater wildlife speciegedity (Dix and Smeings, 1967).
Similarily Phragmmites karka was highly encroaching the Lake body. As eastiten s
of the reed beds of the Rani Tal were main reguoritfe basking preference for large
number of the Mugger Crocodile previously, since hsing invaded by the
Phragmites karka. It might be the decrease in the number of the gdugrocodile in
Rani Tal area.Phragmmites Karka is common reeds in Nepal similar to the
Phragmites austrialis as cosmopolitans occur in Europe, Asia and Amednd
Australia (Tewsksburet al. 2002). It is native to the Europe where red bads
important for many migratory birds' species. Inaiitic coasPhragmites increasing
dramatically in both fresh and brackish wetland amahoculture. They are associated
with decline in the water birds and wetland wildlifRapid extension of the
Phragmites in recent years and paucity of these native herbw feeding on this
expanding population suggests a new introductiargeHspreading@hragmites is due

to increase through rhizomes and with sexual repton by wind/self pollination.
However, recruitment from seed is thought to be Igvewksburyet al. 2002).
Phragmites karka was with high density in Rani Tal may reduce theant of birds
species present. For e.g. population of yellow VearfDendroica petechia), Bells
Vireo (Vireo belli) and several other bird species that depends erCtiton wood,

Willow, Mesquite and other native plants have bestuced or extirpated in Tamarix
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infested areas (De Loach, 1990). After plants die washes crystals in soil creating
saline condition under which seedlings of most f@aps can not survive (Vivrette
and Muller, 1997). High evaporation rate Rifiragmites karka cover help in drying
Lakes (Wetzel, 2001). Seasonal depression in vedtBan ital might be due to effect
of Phragmites. A simple expected outcome of successful estambkstt of introduced
sps would be a negative correlation between plardgrsity or cover and species
richness (Watt, 1973). Perhaps the native specges affected by the disturbance and
its decline prior to the survival of the specieattlater become invasive (Meyers and
Bazely, 2003).

The coverage of IAPS up to 70 % indicates that libbitat is degrading for the
wetland-dependent birds. Rani Tal shows higher ttiég coverage. These results
indicate that bird species composition dependshendegree of invasion by invasive
alien plant species and availability of open watedy. The similarity in species
composition decreased significantly with the insieg coverage of IAPS. The wide
spread distribution of IAPS has a significant raelecline the number of bird species
and total individuals through reduction of the pait& foraging ground for water
birds. There takes a decrease in the abundandeeaofétland bird species with the
increasing invasion of the IAPS. Rani Tal also casgul of these invasive floating
species which might be hampering to birds foodind ather aspects as most of the
birds species need the open water body, as floglisgs coverage in Rani Tal was
about almost 95% during growing seasBrstia Sraiotes are growing insignificantly
in many wetland of Nepal helping decreasing birécsgs of wetland dependents
(Shah and Shah, 1999).

As there was high invasive plants coverage in Ralj Invasive species helps in
favoring the habitat condition for combination of @ther species. The process of soil
formation that may occur during facilitation is pary step in primary succession
which invasive species after soil processes, thay oreate the change that have
potentiality to radiate through ecosystem (Ehrehfahd Scott, 2001). Presence of
invasive species might cause change in soil prgp&uail properties that change in
presence of the introduced species include sothpimacteria and fungi (Belnap and
Phillips, 2001) and Nitrogen cycle (Scettal. 2001). Talking to above all perspect

the overgrowing of alien and native invasive speéoeind to have disturbed the Lake
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and Lake dependent organism. This threat to orgaifiscaused is direct threat to

Mugger Crocodile being top carnivorous of ecosystem

Talking to the climbers, somewhat high diversitythwhigh canopy coverage found
when visual observed. Many climbers and tree spdw&e given surface shading to
Rani Tal. Plant community at Site 1 had found tlghést diversity index of approx 1
which indicate highly diverse community dominate¢ Bhorea robusta and
kukurdiano. Approximate species diversity indexloWwas reported at Site 1 and 2
denote that the community was highly diverse. Sitalso showed high diversity
index denoted that the plant community in Raniwas highly diverse and in leading
age of succession. Density varied plot to plot. $dgns influenced by various factors
including elevation, soil type, dominant and asated species and human activities
(Shrestha1998). The vegetation around Lake contribute @ maintenance of the
hydrology/decomposition and maintain overall goalth of the wetlands system.
The high density of vegetation around Rani Talasdyfor many animals to survive.
Adjoining vegetation provides habitat, food and rggeto the faunal and microbial
communities (Shah, 1997). Surrounding vegetatiothen Lake was very important
for controlling erosion, giving substratum and $hlelfor many organism, and
providing nutrient balance in the Lake. Rani Tahtaining high diversity of the
terrestrial vegetation played vital role in mainiag the Lake. In North western site
it was reported that the Lake surrounding vegetatamd grass vegetation has
controlled the erosion in greater extent (Fieldveyr 2009). Khadaka (2009) also
reported surrounding vegetation in Jhilmila Tal éaeduced the erosion rate and

sedimentation.

Vegetation composition and structure influence tgpantity and nutritive quality of
the plant food available, density and structurecober, type of substrate, water
chemistry etc. For the reasons vegetation analysi® widely used to assess how
wetland functions. (Campbelt al. 2002). Rani Tal comprise of high structural
diversity of sorrounding vegetation for supportingany species of wild fauna.
Greater structural diversity of the Lake vegetaleads to the greater wildlife species
diversity (Dix and Smeings, 1967). High amount afnbass composition was found
in Rani Tal from surrounding vegetation. High ambahsurrounding biomass also
contribute the addition of organic materials in tae body. This litter content might

help in addition of organic content in Rani Tal with taking with monsoon water.
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Monsoon water will certainly carry it to Lake caugioverload of the organic

nutrients

Shrestha (2001) reported basking promontories ok mr elevated cliff need for
Crocodile to water body and nearer area. He meatiathat exposed windy sand
banks with steep sand bank bars inclined to anigteeo45 to 60 degree are need for
basking. Mugger Crocodile supports the plant cayeraith proper openings for
basking. Rani Tal has such sufficient reed beds ibuheavily encroached by
Phragmites karka. Rani Tal also supports the loose humid soil. @ssé humid sand
banks and mud flats ideal for egg depend, incubatiesting etc (Shrestha, 2001).
Rani Tal supports sufficient vegetation cover imreunding. As river bank covered
with extensive vegetation to meet shade and coseds are important to survive the
Crocodile (Shrestha, 2001).

Rani Tal was being closed by the small height dosmbankment by controlling
down flow where water flowed ever and supported mudldlife although dam in
Rani Tal had given many corridoir for sustaining mch wildlife like major
carnivores as tiger (Lohani, 2000). But it mighv@dhamper the other free moving
wetland depend species like Crocodile for downwaeder bodies like Bahuni and
Chaudhara river as reported from Focus Group Dscensand interviews. The result
from questionnaire survey also reported that theas decrease in the number of
Crocodile in Rani Tal after construction of thesgd dam. Beside this any harm upon
other species also harms the Mugger Crocodile diitg top carnivores. Many
scholars have made studies on such facts. Bish®pofl Blyth (1980, 1984) and
Yadav (1989) have reported disappearance of they si@meam benthic fauna species
like caddis fly, Mayfly and Stone fly after consttion of dam. When dam is built in
flowing water the downward vegetation become xeytgdh and develops toward
climax community. In case of large river like Malaikand Karnali, the construction
will be question for surviving of Mugger and Ghar@rocodiles (Shah and Shah,
1999).

The wetland dominated by the surface water inflo autflow reflects the chemistry
of associated river or Lakes. Those wetland thegives surface water or the ground
water inflow, have limited outflow or lose waterirparily to the evaporation and

evapotranspiration have high concentration of thenmdcals and lower concentration

117



of the chemicals are in the wetland which receivater primarily from precipitation

and loses water by way of surface water outflow seebpage to ground water (Winter
and Woo, 1990). High concentration of the Chemazadtents found in Rani Tal may
be of same reasons, as Rani Tal had these alltaspacwetland receives water from
more than one source hence resultant chemistrpngpaosite chemistry of various

sources (Siegel and Glaer, 1987). Wetland dominayettie surface water inflow and
outflow reflect the chemistry of rivers or Lake. athwetland that reduces surface
water or ground water have limited outflow or lagater loss primarily to the evapo-

transpiration and have high concentration chemi@&isiter and Woo, 1990).

Rani Tal is the Lake not having proper outflow &g checked by the dam it may
action so increasing evapo-transpiration and deeré@a the water level and further
increase in the concentration of the chemicals Wwhiaght change physiological
changes in bottom soil and chemistry, alterationboftom dwellers. Saud (2007)
made study on the benthic fauna in relation to phgsiochemical parameter in
Kulekhani reservoirs, Makawanpur, Nepal found twoup of the pollution tolerant
benthic fauna like Oligocheata and Chironomideae. ¢éncluded the pollution
tolerant organism in reservoir might be due to desnin the physicochemical
parameter in bottom, habitat alteration from stémymuddy, changes to the water
regimes high depth and frequent water level fluiduma He found the depletion in
reservoir due to the combined effects like watgeldluctuation, Oxygen depletion,
and thermocline breakdown of the stratificatiortetaction with exotic species and
habitat alteration with exotic species and habitatteration. Although
embankment/dam had built to increase the level atewbut it had seemed to giving
place forPhragmites and other plants to invade by addition of sedimemt$ OM in
Lake.

The Rani Tal area according by Scot (1989) wasH22@BPP (1995) reported its area
of 20 hector with 200 hectare water coverage. LateSuwal and Shrestha (1992)
reported Rani Tal with area of the 150 ha has tirimeto the grassland due to
vegetation succession. Bhandari (1996) reportedRhai Tal have area of the 11 ha.
Lohani (2000) reported 18 hectare of Rani Tal leakiced to the 7-8 hectare due to
encroached byPhragmites karka. Similarly, Bhandari (2009) reported Rani Tal
having area of 11 hector in his ‘Preliminary invamytof Nepal's wetlands’. Present

researcher could not measure the exact area of Rdmilue to heavy coverage of
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Phragmites karka and large numbers of reed beds difficult to redaiscussing on
these trends all data shows the pattern of degosddf the pattern is true the Rani
Tal will disappear within about minimum 10 year.gHidecrease and encroachment
in the area of Rani Tal was reported (Field sun2§09). With prospect of climate
change and irregular heavy rainfalls park peopléebe again shifting of the
Chaudhara River in the Rani Tal. If such happenilit destruct large ecosystem of
Rani Tal. Erratic drying of the Lake during droughight be due to the climate
change as change in temperature and rainfall patter

Poisioning is the main factor to cause destroyifig.@ke organisms. As illegal
approach and poisoning on the Rani Tal was madidy.ocal Tharus. It might be
factor for decrease in the Mugger Crocodile abunddn Rani Tal by reducing the
diet content. Poisoning cause bioaccumulation diedtathe whole of the food chain.
As water could not outflow of the dam, it persiis long terms in Lake body and
affects the Lake biodiversity. The poisoning a¢yivnight hamper the survivability of
hatchlings of Mugger Crocodile and other biotas.

Since,Rani Tal showed poor water quality almost especiallmonsoon season with
degraded Oxygen content, high Nitrate, and phospbantent. Poor water quality,
with high nutrient contents helps to cause breeaihgiuch fungus, bacteria’s and
viruses which can cause infections to the aquattt the animal depending upon
particular wetland. Lal (1982) reported the snoomds rotting and falling of teethes
in Gharial hatchlings due to myotic infections. Mo§the nutrients are carried to the
wetland site from surrounding due to the surfaaewithg. Many of fungal and
bacterial species carried to wetlands from surrounénd there they breed and cause
toxicity and diseases in water and land animaledémn wetlands. Maskey reported
605 of Gharial died of myotic infections particdjam monsoon season due to poor
water quality and extreme humidity favored (Mask&989). Excessive overloading
in the Lakes may cause the outbreak of the funagtdria and, these are the main
agent to cause many physiological disorders irCitzeodile like in Kidneys, Spleens,
and Livers diseases (Gaire, 2007). Many disorddghinoccur due to poor water
guality of wetland. Wataru reported that the enwinental change, change in water
quality, change in temperature cause abnormalitie€rocodiles (Wataru 1976).
Extreme calcium present in the water might harm Kkhegger Crocodiles when

consumed. Singtet al. (2001) noted rubbery snout and hunch back comditio
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occurrence in the captative Muggers due to the hegbkl of the calcium presence
consumed. Similar conditions were reported by thehzermeyer, in young captative
Nile Crocodiles,C. niloticus (Huchzermeyer, 19865ince Rani Tal is being tagged
by the dam causing watyer quality to be poor. Reater quality in monsoon season
causes the significant death of hatchlings (Masi&®&g9). The water here could not
outflow due to small closed dam, hence reservinghmaf nutrients day by day which
make favor to grow infecting microorganisms to @auwdisease or infections in
hatchlings. Mishreet al. reported low level of water without replacemeot fong
time causes the infection by bacteria’s to the ilatg of Crocodiles (Mishrat al.
1993).

Physiochemical factors are primary factors for giesence of fish community in
water body, various other factors such as ongoicgogical changes of aquatic
ecosystems physiological nature of the biotic comityualso might have effect on
distribution of fish fauna in water body (Pande®02). This fluctuation can cause
food shortage to Crocodile.

The fluctuation of the water quality disturbs thendtioning of aquatic system by
disturbing the fooding of phytoplankton which ultitely decreases of common fish.
It means it also disturb the food chain of Muggeodddile. Sedimentation and

siltation processes help to decrease the Lakeaga®gell as growth and survival of
water fauna and flora. Similarly high nutrient sgbf Lake also helps to grow of the
increased flora as lead to eutrophication. Thisc@ss also leads to the Lake
deterioration. The water quality if not in permidsi limit it directly degrades the

Lake hence effecting flora and fauna or disturtesfdod web structure. The invasive
species effects almost all living body of the Ldience as Crocodile is one of the
major carnivores in ecosystem if the quality of tleke are enhanced it will directly
harm the Lake depend Crocodile by declining in nembf food materials for

carnivores.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Present study concluded that the population of Mudgrocodile in Rani Tal was 4
presently. There reported about 59-98 estimatedbeunof Mugger Crocodile in
SWR. This number of Mugger Crocodiles present imiR@as depressive number
than observed in past by respondents. Regardiistatas of Lake, the water quality
and other environment was not good to survive faglyer Crocodile. The decrease
in trend of population was found after the Dam (amtbment) construction. The main
reasons behind the depletion in number of the Mu@gecodile were the dam impact
of obstruction in free flow, presence of alien amative invasive plant species and
covering of sandy and muddy soil bank by vegetasioocession which is important
habitat for Mugger Crocodile. lllegal fishing witlpoisoning, water quality
deterioration and decreasing area of Rani Tal wilasrdhreats. The encroachment of
the invasive species was found to have hamperirtgrimg and fooding activity of
animals. As Mugger Crocodile is the top carnivdhey change in any aspect in the

producers and consumers will directly harm the Marggrocodile.

Regarding water quality status, Rani Tal was fotmdbe high phosphorous content
and Nitrogen, reveals the hyper eutrophic conditidnthe Lake. Parameters like
seasonal depression in Oxygen, high Total Hardreghk,CQ, high Orthophosphate
and high BOD and Amonia was found to be threat tgyer Crocodile. The major
problem in the Rani Tal was both addition of thdriemts and sediment from the
surroundings which was leading the extensive growththe macrophytes. The
increase in the nutrient is also closely associat#d the external loading from the
surrounding forests and soil, as surrounding said hake bottom was found to be
rich in the Nitrogen, Phosphorous and organic auntBottom sediment one hand
was helping for addition of nutrients in the Lakedan the other hand, it was giving
basement for many aquatic species. Phatia straiotes, Nelumbo nucifera, Nymphea
nouchouli, Wolfia, Trapa quadrispinosa, Lemna, Alternanthera philexeroids and
submerged species likéhara were also responsible for the degradation of Lake.
Similarly, highly encroaching species likghragmites karka found to have given
platform to invadingSachhraum spontanium, Erianthus rawinnae and other plant
species. It was reported that these three speke$hragmites karka, Sachhraum

spontanium and Erianthus rawinnae were always together because of Bineagmites
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karka was found to make areas easier for invasionShghhraum spontanium,

Erianthus rawinnae and others. The dam was responsible for accumulafiorganic

debris hence increase in coverage of macrophtesthied floating species. Similarly,

encroaching species likBhragmites karka, Trapa, Nymphea, Nelummbo etc and

other high diversity surrounding vegetation wergpansible for the addition of OM

to the Lake hence decreasing area of Rani Tal,avB@0 ha area has been reduced

now to 7-8 ha only. Climber community is found t® ¢bominating byBahunia valli

and Dioscorea bulbifera. Plant community in Rani Tal was highly diversedan

leading age of succession. High density and dityerange of plant was reported to

be adding the the biomass content to lake henceir@aindirect threat to Mugger

Crocodile by adding OM content

Recommendations

The following recommendations were made for cors@m of Rani Tal and Mugger

Crocodile.

1.

Strict Act and Implement of the Crocodile conseiratshould be done with

special protection agency in SWR area.

Mugger Crocodile should be prioritized same astlte Gharial. Donor
agencies should also focus on the Marsh Muggertauts vulnerability and
joint effort of the NGO and INGO should be createdconserve Mugger of
SWR.

Monitoring of the Marsh Mugger should be done ahd main finding
regions of the Marsh Mugger should be noted in S&d even for whole

country.
The Lake environment of Rani Tal should be impbwath replacing huge
growth of Phragmites other encroaching species and creating sandy and

Muddy soil bank there.

Recharging, disiltation and restoring programs $thtwe done in Rani Tal to

avoid seasonal depression in water.
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6.

8.

The Periodic removal of invasive alien plant spedike IAPs and INSlong
with other floating vegetation should be done wMkchanical, Chemical or
biological control. It will help in providing opewater surface for the animals
and submerged plants. Periodic removal of IAPS idfsl would allow the
wetland dependent birds and other below water driteaenjoy their habitat

in full extent, so it should be continued.

Site of inlet and outlet for the Lake should beiegwed time to time. A
comprehensive long-term management Plan for thes€&wation of Rani Tal
is essential and should be formulated involvingiouss stakeholders very

quickly concentrating on the conservation of Lateanimals and plants.

As Reserve office was planning to dig canal to Raai for recharging.
During this siltation and organic debris almostiddde checked as much as

possible.

Extensive research on food avaibility of Mugger atsdall round status in
Rani Tal and SWR should be made.

10.Conservation awareness among local people andcetbmmunity should be

created if possible.

11. Effective security system should be conducted tatrob poaching and illegal

collection of resources and illegal entrance temes area.

12.1f possible local people and ethnic community ngaRani Tal should be

provided with incentives for living and empowermerdining so that they

could not have to depend on reserve even for fgpdin
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Annex: 20
Model of Questionnaire
Name of Respondent: .................. Age: ........ Sex: Malegmale
O CCUPALION: ...t et e e e e e e e
AdArESS: o e
Questionnaire for SWR members and Frequent visitorso Rani Tal
1. Have you ever visited to the Shuklaphanta WildRkeserve area?
a) Yes b) No

2. How long have you been going to Reserve's area?

3. Have you visited wetland sites of Reserve?
a) Yes b) No

4. How many wetlands sites inside Reserve have yoted Please name them.

5. Have you ever seen/heard the Mugger Crocodiledsdlareas?

a) Yes b) No

6. If yes, what are the wetland areas where Muggecdtlite abundant in your

view?

7. How many Mugger Crocodiles usually abundant in ¢ha®as daily in range?

Name of wetland Number of Crocodile

8. Have you ever heard the poaching/kiling cases afgier Crocodiles in/
outside the Reserve? If have heard, how many simttetake place?

Events in year heard Events total listened till now




9. (i). If there takes poaching of Mugger Crocodilehat are the main ways to

enter the Reserve area in your view and whatiteg af poaching?

(i) From these places how mightythéle enter the reserve's area?

10.1t is heard that lakes of SWR are being encroadlyetihe invasive species, how

much year did it take of invasion?

Name of plant Starting of invasion Place of invasio

11.Which Lake in SWR have you heard was most encrahdhyethe invasive

species?

12.Do the invasive species affect biochemistry ofléke?
a) Yes b) No

13.Had these invasive species affected the livingdatechof the Mugger Crocodile
in lakes of SWR?
a) Yes b) No

14.Have you ever heard the leaving of the reservelayéhe Mugger Crocodile?
a) Yes b) No

15.1n your aspect, how many events are there conagmdingger Crocodile had

leaved Reserve area?

16.(a) Have you heard any hindering activity causedphbplics to the Mugger
Crocodile when leaving Shuklaphanta?
hYes () b)No( )
b) If yes mention what action wasformed? (.........cccooviiiiiiiiin)
(c) Have you heard/seen the colbectf the eggs of the Mugger by locals?
1) Yes ( ) 2) No ( )



17.1f there is egg collection activity, especially whicommunity and from where
they used to collect and for what purpose theyecblthe eggs of the Mugger

Crocodile?

Name of community| Purpose of Collection Place of collection

18.a) Do you say Rani Tal in danger?

a) Yes ( ) b) No ( )
b) If Yes, how?
P )

19.Do you say, there is good environment for the Mugg®codile to live at Rani
Tal?
1) Yes ( ) 2) No ( )

20.1f there is not suitable environment, what can beedto improve it?

21.1s there decrease in the population of the Muggec@&lile in lake area or same

as previous? a) Same as previous ( b) Decreased than previous ( )

22. 1) If inclined, what might be the cause of inclioethe Mugger Crocodiles in
this area?
i) If declined, what might be the cause behincclide of the Mugger
Crocodiles in this area?
a) Lack of proper basking placePtwagmites invasion b) Food deficiency
c) Poor water quality d) Free movement of MugGeocodile controlled by
dam/embankment e) All of above f) Ifyaother please
7= 14T o

g) Not Known



23.How much time it has gone about the invasion ofptl@t species in Rani Tal?

Name of plant Time of invasion

24. Are there large invasive species of the plant leet@mnstruction of Dam or after
construction of the dam?
a) Before Construction Large in Number ()

b) After construction Large in Numlje )

25.As there is closed dam in the lake, have you heasgen any difference in the
number of the Mugger Crocodile before and after danstruction?
a) Yes ( ) b) No ( )

26.1f there was a difference, how many are beforeraowt?
Approximate population before damstouction ( )

Approximate population after dam stoaction  ( )

27.Are thePhragmites and other grasses density increased after Damroatish
or not?

a) Not increased () b) Increased ()

28.Have you heard the Mugger Crocodile hunting caséaini Tal? If have heard,
How many events have you heard till now?
a) Total number of events hearchov ()
b) What might be the cause of su@nes?
c) What might be the main entering paths to RariaFaa for posing such

events?

29.What can be done for the sustainable conservafitimedake dependent faunas

together withCrocodylus palustris?



Questionnaire survey for old dwellers of Rani Talkthnic community nearby Rani

Tal

1)

2)

3)

4)

5)

6)

7)

8)

9)

Have you visited the Rani Tal any time when livimgarby Rani Tal in past?
a) Yes b)tNo

If yes, how many times have you visited Rani Tal?

Had you seen any Mugger Crocodile at Rani Tal duyour visit?
a) Yes b) Not

If yes, how many Crocodiles had you seen theraily dverage? Please, give in

range.

Which sites were main basking places of the Mu@yecodile at Rani Tal at

past?
a) East b) West c¢) North d) South
e) NE f) NW g) SE h) SW

How were the Mugger Crocodiles mostly seen at Hai®?
a) Adult b) Sub adult C)tefdings

Do you go frequently to Rani Tal nowadays?
If Yes, Have you heard/seen Crocodile populaticcreesed/increased than
previous?

a) Yes b) Not

If decreased /increase what is difference in thember?

10)If number has decreased, what may be cause bdterdetrease in Crocodile

population at Rani Tal?



a) Lack of proper basking place b) Poor watelityu c) Food deficiency d)
Dam impact to free movement downward site fiaa@dile e) All of above
f) If ANy other, MeNtioN... ... e

11)What do you think are the threats to Mugger Crdecal Rani Tal, How can

those threats be minimized?

12)Have you heard any illegal activity performed ahREal?
a) Yes b) Not

13)If yes, what type of the illegal activity have ybaard/seen at Rani Tal and other
areas?
a) Fishing b) Fodder collection  c¢) Anirhainting d) Egg collection of
ANIMAUS (KB )

e) All of above f) Not heard any events

14)Have you heard/seen poisoning for fishing at Rat?Tf Yes, Which

Community performs such?

15)How much did it take place of invasion by Narkatjaimbhu and Kumbhika in

Rani Tal?

16)Is Rani Tal decreasing than previous or not, howhepth and area might have
decreased than previous?

a) Depth decreased .................... b) Areadecreased.........ceeevrrnnnn...

17)What could be done for susutainable use of Ranamdlits resources including

conservation of Mugger Crocodile in your view?

The End



Annexes

Annex 1. Chemical Index after BACH (1980

Cl Water quality class Color Water rate pollution
Indication Level

0-17 \Y Red Excessive pollution

17-27 l"-1v Orange Very severe pollution

27-44 1 Yellow Severe pollution

44-56 -1 Light Green Critical pollution

56-73 Il Green Moderate pollution

73-83 -1l Light Blue Low Pollution

83-100 I Blue Very Low or low

Pollution

Annex 2: Trophic state Classifications
Note: All units are in microgram per liter. Here TiNeans Total Nitrogen, TP means

Total Phosphorous

Lake OECD, 1982 Burnset al. 1999 Egg%berg and Rydings,

Type TP TP TN P TN
Oligotrophic <10 4.1-9 73-157 <15 ;g
Mesotrophic 10-35 9-20 157-137 15-25 400 - 600
Eutrophic 35-100 20-43 337-725| 25-100 i’ggd
Hypereutrophic | >100 >96 >1558 >100 >1500

Annex 3: Soil nutrient criteria for Terai and Common Soil for Nepal. (Pradhan, 1996)

For Total nitrogen

Low% (< 0.075), Medium %, (0.075-0.150), High %(:150)

Or

Very Low (<0.05 %), Low (05-0.1%), Medium (0.1-0%2), High (0.2-0.4 %), Very high

(>0.45 %)

Available phosphorous

Low (< 26 kg/ha BOs), Medium (26-55 kg/ha#®s ), High (>55 kg/ha £Os)

Or



Very low (<10 Kg/ha), Low (10-30 Kg/ha), Medium €56 kg/ha), High (55-110 kg/ha),
Very high (>110 kg/ha)

Potassium
Low (<110 kg/ha KO), Medium (110-280 ha X0), High (>280 kg/ha KO)
Or

Very low (<55 kg/ha), Low (55-110 kg/ha), Mediunil (@280 kg/ha), High (280-500 kg/ha),
Very high (>500 kg/ha)

Soil Organic matter
Very low (<1%), Low (1-2.5%), Medium (2.5-5%), High-10%), Very high (>10%)

Soil pH

Acidic (<5.5), Slightly acidic (5.5-6.6), Stable peutral (6.5-7.5), Slightly alkaline (7.5-8.5),
alkaline (>8.5)

Annex 4: Raunkier's classification of frequency

Raunkier frequency class (%) Frequency classificati | Abundance
0-20 A Rare

21-40 B Occasional
41-60 C Frequent
61-80 D Very abundant
81-100 E Dominant

Source: Raunkiers (1934)
Annex 5: Moisture content and Biomass of the litter

Sites | Sample code| Freshwt.| Drywt.| WaterContentAverage Biomass
(%) watercontent (%)| (w/A)

A 160 gm 92.365 57.27

1 B 140 gm 83.568 | 59.69 51.64 826.24
C 120 gm 45.561 37.96
A 180 gm 96.573 53.65

2 B 130 gm 84.473 64.97 49.37 789.92
C 183 gm 54.038 29.50

Annex 6: Bottom soil parameter in monsoon season

Parameters Site 1 Site 2 Site 3 Site 4

pH 6.7 7.2 7.3 7
Conductivity 402.3 420 421 513

TN 3.54% 5.34% 2.42% 1.45%
Available phosphate 420 kg/ha 533 kg/ha 425 kg/ha 17 kg/ha
Organic matter 11.2% 10.2% 10.1% 9.2%
Potassium 442 kg/ha 412 kg/ha 402 kg/ha 416 kg/hpa
Calcium 11.3% 10.3% 10.42% 9.24%
Magnesium 6.03% 5.25% 3.29% 6.01%




Annex 7: Bottom soil parameter in winter season

Parameters Site 1 Site 2 Site 3 Site 4

pH 6.5 7.0 7.4 7

Conductivity 342 375 354 345

TN 4.35 % 3.45% 0.932% 0.442%

Available phosphate 310 kg/ha 389 320 kg/ha 340 kg/ha

kg/ha
Organic matter 9.5% 8.5% 8.2% 8.0%
Potassium 340 kg/ha 320 312 kg/ha 361 kg/ha
kg/ha

Calcium 6.04% 8.25% 7.39% 5.45%

Magnesium 3.29% 4.95% 6.32% 4.29%
Annex 8: Bottom soil parameter in summer season

Parameters Site 1 Site 2 Site 3 Site 4

pH 6.9 7.2 6.8 7.2

Conductivity 245 356 457 321

TN 4.4 % 3.45% 0.84% 0.47%

Available phosphate318 kg/ha 315 kg/ha 325 kg/ha 317 kg/ha

Organic matter 9.2% 13.9% 10.2% 10.5%

Potassium 244 kg/ha 288 kg/ha 302 kg/ha 314 kg/ha

Calcium 10.3% 14% 11.2% 9.24%

Magnesium 5.04% 3.4% 4.2% 5.34%
Annex 9: Result of Site soil analysis

Parameters Site 1 Site 2

pH 5.2 4.9

Conductivity 225 244

WHC 39% 37%

Moisture content 33.4% 32%

Organic matter 3.2% 4.2%

TN 0.32% 0.30%

Available phosphate 150 kg/ha 160 kg/ha

Potassium 240 kg/ha 232 kg/ha

Calcium 9.12% 9.04%

Magnesium 5.08 6.12




Annex 10: Average seasonal water quality of Rani Ta

Parameters Monsoon seasopWinter season | Summer season
Color Muddy green Yellow green Muddy green
pH 7.2 7.17 7.3
Temperature 26.50 17.3 28.50
Conductivity 313.3 153 152.80
Transparency | emmmeeee- 0.77 | --—---
DO ( mg/l) 3.58 6.0 5.25
Carbon dioxide ( mg/l) 8.48 33 12.80
Ca-hardness ( mg/l) 48. 80 5.32 58.38
Mg-hardness ( mg/l) 51.20 5.32 27.10
Total hardness ( mg/l) 100 10.64 | 89.84
Chlorine ( mg/l) 34.42 30.96 31.42
Alkalinity ( mg/l) 116.4 139 116
TDS (mg/l) 625.60 600 443.4
TSS ( mg/l) 690.40 560 237.6
TS (mg/l) 1328 1160 671
Nitrate ( mg/l) 0.240 0.480 1.65
Total nitrogen ( mg/l) 6.66 8.2 10.72
Orthophosphate ( mg/l) 0.440 1.210 0.470
Total phosphorous ( mg/l) 1.126 1.104 0.639
BOD ( mg/l) 33.78 17.08 13.20
Potassium ( mg/l) 1.27 0.66 0.05
Sodium( mg/l) 51.20 16.74 18.90
Ammonia ( mg/l) 0.08 0.02 0.060
Net primary productivity (gm.C.fthr) 0.49 0.89 0.65
Gross primary productivity (gm.Cahr) | 0.18 0.33 0.26




Annex 11: Physicochemical parameter in Winter seaso

Parameters Site 1 Site 2 Site 3 Site 4 Site 5 Mean
Color green green green green green green
pH 7.39 7.13 6.91 6.92 7.5 7.17
Temperature(C) 17.39 18 17.5 16.5 17 17.3
Conductivity (us/cm) 171 173 243 117 125 165.8
Transparency (m) 0.8 0.7 0.75 - 0.8 0.77
DO (mg/l) 8.080 | 8.860 8.486 7.486 8.081 8.19
Carbon dioxide (mg/l)| 41.8 35.2 37.4 37.4 374 |33
Ca-hardness (mg/l) 5.4 6.2 5.2 5.4 4.9 5.32
Mg-hardness(mg/l) 5.6 7.2 4.6 4.4 5.6 5.32
Total hardness(mg/l) 11 13.4 9.8 9.89 9.89 010.
Chlorine(mg/l) 29.82 284 31.24 32.6 32.66 .980
Alkalinity(mg/l) 135 140 130 150 140 139
TDS (mg/l) 800 600 800 420 415 607
TSS (mg/l) 400 200 800 800 600 560
TS (mg/l) 1200 800 1600 1220 105 1167
Nitrate (mg/l) 0.554 0.465 0.270 0.543 0.631 | .480
Orthophosphate (mg/l} 0.568 1.388 0.71 0.606 73D. 0.8

TP (mg/l) 1.02 1.82 0.93 0.762 0.99 1.104
TN (mg/l) 5.3 47 3.2 4.02 3.7 4.18
BOD (mg/l) 16.4 18.27 17.3 16.7 2 16.73 17.08
K (mg/l) 0.66 0.66 0.65 0.65 0.66 0.66
Na (mg/l) 18 135 16.9 17.4 17.9 16.74
Ammonia(mg/l) 0.021 0.002 0.025 0.026 0.005 20.0
NPP(gm.C.rffhr) 0.83 0.90 0.87 0.93 0.94 0.89
GPP(gm.C.rfihr) 0.31 0.32 0.33 0.33 0.34 0.33




Annex 12: Physiological parameter in Monsoon season

Parameters Site 1 Site 2 Site 3 Site 4 Site 5 Mean
Color Green Green GREEN  Greer Green Green
pH 7.2 7.2 7 8 6.6 7.2
Temperature {C) 30 28 295 28 29 28.50
Conductivity (us/cm) 302.5 317 400 223 324 313.3
Transparency (m) - - - - -
DO (mg/lt) 3.42 4.08 3.10 2.95 4.35 3.58
Carbon dioxide (mg/It) 12.8 9.6 7.2 5.2 7.6 8.48
Ca-hardness (mg/It) 66 38 46 40 54 48. 8
Mg-hardness (mg/It) 24 42 89 65 36 51.20
Total hardness (mg/It) 90 80 135 105 90 100
Chlorine (mg/It) 27.4 31.2 28.8 32.2 27.5 29.42
Alkalinity (mg/It) 127 114 113 115 113 116.4
TDS (mg/lt) 900 705 543 510 500 625.60
TSS (mgl/lt) 500 315 914 913 810 690.40
TS (mg/lt) 1400 1030 1427 1423 1310 1328
Nitrate (mg/It) 0.982 0.577 0.0.84 0.97 0.77 0.8278
Orthophosphate (mg/It) 0.581 0.732 0.84 0.73 0.472 0.671
BOD (mg/lt) 33.33 34 35.6 324 33.6 33.78
Potassium (mg/lt) 0.42 0.52 0.62 0.6 0.4 0.5
Sodium (mg/It) 56 53 48 50 49 51.20
Amonia (mg/It) 0.095 0.085 0.073 0.074 0.073 0.08
NPP (gm.C.rfihr) 1.24 1.23 1.3 1.05 1.52 1.27
GPP(gm.C.rihr) 0.21 0.19 0.20 0.15 0.17 0.18
TN( mg/lt) 6.53 6.34 6.32 6.88 7.34 6.66
TP(mg/lt) 1.3 1.02 0.99 1.2 1.12 1.126




Annex 13: Sitewise water quality data of Summer Ssan

Parameters Site 1 Site 2 Site 3 Site 4 Site 5 Mean
color Green Green Green Greer Greer Green
pH 7.9 6.7 6.4 8.2 7.2 7.3
Temperature’C) 29.5 28 29.5 28 29 28.50
Conductivity (us/cm) 114 123 94 220 213 152.80
Transparency (m) - - -
DO (mg/lt) 5.42 6.3 4.98 4.74 4.83 5.25
Carbon dioxide (mg/It) 16.3 12.4 13.2 11.9 10.2 802.
Ca-hardness (mg/It) 45 35.9 82 63 66 58.38
Mg-hardness (mg/It) 35 39.9 20 32 30 27.1¢
Total hardness (mg/It) 80 75.8 102 95 96 89.84
Chlorine (mg/lt) 294 33.2 30.8 34.2 29.5 31.42
Alkalinity (mg/lt) 127 114 123 105 111 116
TDS (mg/lt) 435 413 415 502 402 443.4
TSS (mg/lt) 215 223 250 207 293 237.6)
TS (mgl/lt) 650 636 665 709 695 671
Nitrate (mg/It) 1.982 | 1.52 1.44 1.73 1.57 1.65
Orthophosphate(mg/It) 0.3 0.342 0.375 0.29 0.245 31m
BOD(mg/It) 10.12 12.6 13.5 15.5 14.5 13.20
Potassium(mg/It) 0.042 0.052 0.062 0.060 0.040 .05
Sodium(mg/It) 19 20 18 18.5 19 18.90
Amonia(mg/It) 0.062 0.071 0.065 0.061 0.061 0.060
NPP (gm.C.rfihr) 0.76 0.59 0.58 0.63 0.68 0.65
GPP (gm.C.rihr) 0.27 0.28 0.25 0.26 0.23 0.26
TN(mg/lt) 9.57 1052 | 11.3 10.7 11.5 10.72
TP 0.952 0.666 0.495 1.325 0.765 0.8326




Annex 14: Ecological study of floating plants(Average of 3 plots: Free floating and
floating leaved: estimation for diversity, density frequency, coverage and dominance)

Name of the species <
> g (w9
(< (< o o = = -
TO| = O T O o a = E o
—_ > [<B) > - > [) o o Y
2828 &8 | 8 |48 | &
Ludwigia adscendens 40.5 6.75 8.01 75 105 0.00f 0.04
Trapa quadrispinosa 92.5 15.41 | 8.29 100 63 0.037 0.09
Pistia straiotes 118 19.66 | 21.33 | 100 97.8| 0.0239.14
Nelumbo nucifera 118 0.5 3.24 75 24 0.0009.03
Nymphea nouchali 118 19.66 | 21.33| 100 2160 0.028 0.13
Potamogaton nodusus 0.3 0.5 0.593 | 50 93.9/ 0.028 ,g 0.11
Lemna minor 67.5 11.25 | 13.35| 75 95 0.024 8 0.14
Wolfia globosa 0.3 0.5 0.5934 50 85.4| 0.01pY 0.10
Hydrilla verticillata 45 7.5 8.902 | 25 73 0.017 0.08
Total sum 521.7 0.86
Annex 15: Population census of Mugger crocodile
S Date and time No. of Estimated
N observation Mugger Nature of day Population
Found
1 February 10 - Cloudy and Foggy
2 ! 11 - Cloudy and Foggy
3 " 12 - Cloudy and Foggy
4 " 13 - Cloudy and Foggy
5 14 - Cloudy and Foggy
6 " 15 - Cloudy and Foggy
7 " 16 - Cloudy and Foggy
8 18 4 Sunny day
9 " 19 4 Sunny day 2-4
10 " 20 4 Sunny day
11 " 23 - Cloudy and Foggy
12 " 24 - Cloudy and Foggy
13 " 25 - Cloudy and Foggy
14 " 26 4 Sunny day
15 " 27 4 Sunny day




Annex 16: Vegetation analysis of lake

Vegetation analysis: Site 1

S.N Name of Species No. of Plant | Density | ni/N | (ni/N)2 Species
(pl/ha) Diversity
1 Shorea robusta 12 133.33 0.26080.0680 0.152
2 Dalbergia sisso 3 33.33 0.06520.00425 0.0773
3 Mallotus Phillipensis 3 33.33 0.06520.00425 0.0773
4 clercheia oleosa 3 33.33 0.06520.0425 0.0773
5 Syzygium cumini 5 55.55 0.10860.0117 0.1047
6 Termanilia nudifera 2 22.22 0.043| 0.00186 0.0587
7 Aporusa octandra 1 11.11 0.02170.00047 0.360
8 Alstoria scholarasis 1 11.11 0.02170.00047 0.360
9 Cleistocalyx operculata | 2 22.22 0.10480.00186 0.0587
10 Cassia fistula 3 33.33 0.652| 0.0425 0.0773
11 Garuga pinnata 3 33.33 0.652| 0.0425 0.773
12 Ficus racemosa 2 22.22 0.652| 0.00186 0.0587
13 Listia monopetala 2 22.22 0.04300.00186 0.0587
14 Kukurdiano*local name | 4 44.44 0.04300.00755 0.0921
Total value 46 511.06 0.0869 0.99
Vegetation analysis of lake: Site 2
S.N Name of Species No. of PlgnBensity (pl/ha) ni/N (ni/N)2 Species
diversity
1 Adina cardiflolia 4 44.44 0.1 0.01 0.1
2 Carea arborea 1 11.11 0.025 0.000625 0.04
3 Shorea robusta 7 77.77 0.175 0.03062 0.132
4 Termanlia alata 2 22.22 0.05 0.0025 0.065
5 Terminalia belleracia | 1 11.11 0.025 0.00625 0.04
6 Phoenix aculis 2 22.22 0.05 0.0025 0.065
7 Cassiafistula 2 22.22 0.05 0.0025 0.065
8 Listia Monopotela 3 33.33 0.075 0.000562 0.0843
9 Anogeissum latifolia 2 22.22 0.05 0.0025 0.065
10 Bahunia verigata 3 33.33 0.075 0.00056 0.0843
11 Prunus ceranoides 3 33.33 0.075 0.00056 0.0843
12 Dalbergia sisso 2 22.22 0.05 0.0025 0.065
13 MallotusPhillipensis 2 22.22 0.05 0.0025 0.065
14 Bombax cieba 1 11.11 0.025 0.00625 0.04
15 Engehadia spicata 2 22.22 0.05 0.0025 0.065
16 Garaga pinnata 2 22.22 0.05 0.0025 0.65
17 Toonaciliata 1 11.11 0.025 0.00625 0.04
Total value 40 444.4




Vegetation analysis of lake: Site 3

S.N Name of Species No. of | Density ni/N (ni/N)2 | Species diversity
Plants (pl/ha)
1 Cleistocalyx operculata | 1 11.11 | 0.0238] 0.0005¢ 0.0386
2 Syzygium cumini 7 77.77 | 0.166 | 0.0275% 0.00584
3 Terminalia alata 2 22.22 | 0.047 0.0022 0.0624
4 Aporusa octandra 1 11.11 | 0.0238| 0.00056%.0386
5 Shorea robusta 8 88.88 | 0.1904| 0.0108| 0.1817
6 Adina cardiflolia 2 22.22 | 0.047 0.0022| 0.06841
7 Engchardianspicata 1 11.11 | 0.0238| 0.0005¢ 0.0386
8 Acccia catechu 2 22.22 | 0.047 0.0022| 0.0684
9 Toona ciliate 2 22.22 | 0.047 0.0022 0.0684
10 Dalbergia sissoo 2 22.22 | 0.047 0.0022| 0.0684
11 Phoenix acculis 1 11.11 | 0.0238| 0.00056¢ 0.0386
12 Albizia nepalensis 4 44.44 | 0.0952| 0.00906 0.0972
13 Prunus ceranoids 2 22.22 | 0.0476| 0.0022 0.06840
14 Termanallia belleracia | 3 33.33 | 0.0714| 0.00509 0.104
15 Aspera octandra 4 44,44 | 0.0952| 0.00906 0.009
Total value 42 471.44 0.889
Annex 17: Marsh vegetation analysis
Plot 1: Marsh vegetation analysis

Name of plants D(pl/m2) D(pl/ha) RD F RF C(Avg RC
Phragmites karka 50 500000 30.41| 100| 11.11 10 19.49
Sachrum spontanium 19.5 195000 20.17| 100| 11.11 9.5 17.80
Imperata arundinacia 9.5 95000 9.83 100 11.11 9.10 17.7(
Oryza rupipagon 4.3 43000 4.49 75 8.33 2.25 4.37
Cyperus diffusus 3.72 37200 3.84 75 8.33 1.50 2.91
Erianthus ravaennae 6.62 66200 6.84 100 11.11 8.5 16.54
Arundo donax 8.41 84100 8.27 100 | 11.11 2.75 5.35
Themeda arundinacia 2.50 25000 2.59 50 5.56 2.25 4.38
Imperata species 4.60 46000 4.75 75 8.34 3.05 5.93
Aphuda mutica 3.80 38000 3.93 25 2.79 0.25 0.48
Polygonum barbatum 0.25 2500 0.26 50 5.56 1.25 2.43
Perscaria hydropyper 4.02 40200 4.16 50 5.56 1.25 2.43
Total value 96.67 51.2




Plot 2: Marsh vegetation analysis

S Name of plants D RD F RF [C(Avg) | RC
N
1 Phragmites karka 42 60.62| 100 17.39| 20.2 37.58
2 Sachhrum spontanium 7.39 10.67| 100 17.39| 9.8 16.78
3 Erianthus ravennae 6.54 9.44 | 100 17.39| 7.6 13.08
4 Themeda arundinacea 2.52 3.63 | 75 13.04| 8.2 14.04
5 Cyperus rotundus 2.64 3.81 | 50 8.69 6.3 10.78
6 Acorus calamus 0.07 0.10 | 50 8.69 0.5 0.85
7 Alternanthera Philoxeroids | 4.07 590 | 50 8.69 0.5 0.85
8 Diplazium esculentum 4.03 5.82 | 50 8.69 5.3 9.07
Total value 69.28 38.4
Annex 18: Ecological data for climbers and vines
Site 1
Name of the plants | No. of Density ni/N| Dominance | Diversity Diversity
plants | (Pl/ha) (ni/N)2 (ni/Nlogni/N) Index
Bahunia Vahlii 10 111.11 0.45 | 0.25 0.16
Dioscorea bulbifera 7 77.77 | 0.32] 0.10 0.16 0.46
Joatholobus parviflorug 5 55.55 | 0.23| 0.05 0.15
Site 2
Name of the plants |No off Density | ni/N Dominance| Diversity Diversity
plants (Pl/ha) (ni/N)2  {(ni/Nlogni/N) | Index
Bahunia Vahlii 14 155 0.45| 0.25 0.16
Dioscorea bulbifera 15 166 0.32| 0.10 0.16 0.47
Soatholobus parviflorug 1 122.22 0.23| 0.05 0.15
Annex 19: Rainfall and Temperature data of Mahendraagar
{Latitude (deg/min): 2902, Longitude (deg/min):18) Elevation (m): 0176}
Rainfall (mm) for Mahendranagar
Year |Jan | Feb | Mar | Apr |May |Jun | Jul Aug | Sep | Oct| Nov Dec
1998 42| 20.% 59.8 | 18.6 60.0| 252.7681.4 906.8288.2|151.8 2.0 | 0.0
199¢ |31.€ | 0.0 DNA| 0.0 92.6 | 287.1 340.4 DNA| DNA | DNAl DNA [DNA
2000 DNA | DNA| DNA | DNA | DNA |466.9| 428.0 | 1046.9400.8| 0.0 0.0 0.0
200. | 20.2|18.7 1.6 4.6 75.0| 57044458 | 217.8 39.8 135 0.0 0.0
200: | 43.8| 67.5| 0.0 4441 12.0| 207.0278.4 788.0520.5| 24.8 156 | 3.5
200: 65.2| 76.6| 12.9 5.8 17.9| 240.1 DNA DNA | DNA | 0.0 0.0 0.0
200: |DNA| DNA| DNA | DNA | DNA | 235.0| 178.9 93.6| 299.7 1069 0.0 0.0
2005 72.4 59.3] 59.0 | 0.0 16.2 | 122.9 553.4 | 317.6| 456.4 186 0.0 3.7
2006 1.0/ 0.0 13.5 1.6 1483 167.326.5 2146 76.5 | 0.0 0.0 6.2
2007 20| 91.1 70.2 | 145| 165.4 332..1436.5 711.9385.8| DNA| DNA |DNA




Temperature data of Mahendranagar

© Max | 17.9| 23.9| 26.8| 34.3| 37.3| 37.8| 33.2| 32.3 | 32.8 | 31.5 | 28.6 | 23.6
S| Min | 6.8 ] 9.9 |14.0[21.6|26.0(28.1| 25.8] DNA | DNA | DNA | DNA | 7.7
oy Max | 19.5| 26.0| 31.7| 37.9| 36.6| 35.3| 32.8| 33.1 | 32.0 | 30.5| 28.3 | 24.3
S [ Min [ 79| 91[11.0[163]23.2|24.2|256| 25.2| 243 | 20.8| 121 87
o | Max | 19.6| 22.4|29.4|35.9|35.3|32.7|329| 321 | 32.2 | 31.2 | 27.8 | 23.9
§ Min | 7.7 | 7.7 | 11.3|17.2| 24.0{ 24.7| 25.8| 25.1 | 23.3 | 184 | 139 | 7.7
= Max | 20.0| 25.6| 30.4| 36.1| 35.9| 33.9| 34.0| 34.0 | 346 | 33.3 | 26.1 | 229
& | Min | 6.7 ] 7.6 |11.4]17.4]23.2]24.3][25.4| 25.4| 23.3| 20.0| 10.6 | 8.4
o Max | 22.2| 25.1) 32.2 352 36/1 359 344 328 30.8.23127.6| 22.3
Q| Min | 6.1 ] 90| 144 186 245 25/5 265 253 228 18.52.4| 9.3
0 Max | 15.6| 23.6) 28.1 36.8 375 355 31.9 DNA 32.8 331.27.5| 22.4
Q| Min [ 77| 96| 13.3 18.0 21.8 24[7 256 DNA 212 188324 9.3
S | Max 15.6| 24.8 33.0 35 369 342 339 346 32.5.03026.6| 22.9
Q| Min | 76 ] 97| 134 192 228 24/6 250 257 242 17.61.6| 8.9
e Max | 20.6| 23.8f 30.3 359 37/6 399 335 341 38.6.63027.2| 23.8
Q& | Min | 80 101] 135 169 214 24[1 251 245 240 619.145| 6.9
9 Max | 22.7| 26.3 31.71 36.0 35/6 361 334 335 3R.7.63126.9| 23.1
& | Min | 6.8 ] 11.7] 123 18.0 228 259 257 258 240 519.12.8| 8.8
~ | Max | 20.9| 23.5 28.3 351 350 377 326 325 32.9 ADNDNA | DNA
§ Min | 5.2 | 9.4| 12,6/ 17.3 209 25/8 258 255 249 DNBNA | DNA




