Available online at www.pelagiaresearchlibrary.com

<
<

<
& A . .
RR Pelagia Research Library
—r | h

I
E European Journal of Experimental Biology, 2013, 3(218-31

Pelagia Research

Library

ISSN: 2248 —9215
CODEN (USA): EJEBAU

Library

Assessment of ecological aspects and impact of pdilbn on limnological
conditions of river Yamuna in Dehradun district of Uttarakhand India

Fouzia Ishad' and Amir Khan®

Y imnological Research Lab. Dept. of Zoology andifmmental Science, Gurukula Kangri
University, Haridwar, UK, India
“Department of Biotechnology & Biochemistry, Divisitf Life Science, Sardar Bhagwan Singh
Post Graduate Institute of Biomedical Sciences &drech, Balawala, Dehradun, UK, India

ABSTRACT

The present study was undertaken for a period ef ywar from August 2010 to July 2011 to assesspeeies
diversity and impact of pollution on Limnologicalrditions of River Yamuna in Uttarakhand India.the present
study water samples were collected on monthly Hesis three important sampling sites (Kalsi) S1lakpathar)
S2 and (Asan lake) S3 of River Yamuna in Dehradstri€ of Uttarakhand India. The samples were gsel for
different physico-chemical attributes and variousldgical parameters including phytoplankton, zaogtton and
Icthyofaunal diversity. In total, phytoplankton inde 35 taxa belonging to three different famil&slorophyceae,
Bacillariophyceae and Myxophyceae were recorded ofutwhich highest diversity was found in case of
Bacillariophyceae. Similarly 29 taxa of Zooplanktoelonging to 4 different genera including Protoz&atifera,
Copepoda and Ostracoda were recorded with highiesrsity in case of Rotifera. The results also eded that
Icthyofauna was recorded with 24 different taxaobeing to 7 families and 4 orders. The physico-dhaim
conditions were favourable for the growth and sualiof aquatic organisms. The data collected wasenied to
statistical analysis and significant correlation svéound between the biological and physico-chenpeaameters.
The occurrence of plankton populations and fishediity indicated a good water quality of River Yamaun
Uttarakhand with positive effect of physico-chemfaators on the growth of these ecological indaratof aquatic
ecosystem.
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INTRODUCTION

Rivers play a major role in integrating and orgargzthe landscape and moulding the ecologicalregtti a basin.
They are the prime factors controlling the globatev cycle and in the hydrologic cycle, they arethost dynamic
agents of transport [1]. Rivers carry elementsuispended or in dissolved form from their source deposit them
sequentially based on their physico-chemical naatidifferent locations. The suspended load irrither can act as
a sink for nutrients and other elements in certaises and as a source in certain other cases[2pite of their
wide-ranging role, presently rivers are under sevhreat due to various anthropogenic pressuresitbfong the

surface run-off of a river on a regular basis pdesgi valuable information on the eco-hydrologicaiditions of a
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river basin. Such data provide valuable insights gpatial and temporal variation in water quangéihd quality,
considered as a measure of the health of a rijeiTf& River Yamuna sometimes called Jamuna or auis\the
largest tributary of the River Ganges (Ganga) irthen India. It is perennial in nature as it rgesiall the three
types of water inputse., snowmelt runoff, rainfall runoff and groundwatelowever, the three components vary in
space and time. Therefore, the understanding éérdiit components of water input to the River Yamumay
reveal its behavior at different locations that rbayof great use to manage the groundwater asawélie river in a
better way. The river gets maximum contributionsabwmelt during the month of May and June. But rtfeen
source to this river is precipitation that it re@s. The extent of human activities that influettoe environment
particularly the freshwater has increased dramtidarring the past few decades [4]. The scaleaziGeconomic
activities, urbanizations, industrial operationsd aagricultural production has a widespread impact vaater
resources. As a result, very complex inter-relaiiops between socio-economic factors and naturatohggical
and ecological conditions have developed [5]. Thgsfral and chemical properties of fresh water bady
characterized by the climatic, geochemical, geotmaliggical and pollution conditions [6]. The biotathe surface
water is governed entirely by various environmer@hditions. The water quality characteristics liefice the
ability of species living in a given river habit&quatic biodiversity is one of the most essentizracteristics of
the aquatic ecosystem for maintaining its stabilityd a means of coping with any environmental cha[Tg.
Phytoplankton plays the role of primary producethia rivers food chain. They can convert inorganaterial, such
as nitrate and phosphate, into new organic compouerdy., lipids and proteins) through photosynthgsi.
Zooplankton are microscopic free floating animalsich play a vital role in aquatic ecosystem. They ehoice
food of fishes in general and juveniles in parteulThey graze heavily on algae, bacteria and raimuertebrates
[9]. Zooplankters are highly sensitive to enviromta variation, as a result change in their abundaspecies
diversity or community composition can provide imjaat indication of environmental change or disaunte [10].
Due to their short life cycle, these communitieeofrespond quickly to environmental change. Riserdity of
organisms in an aquatic ecosystem reflects gooérveptality and any change in water quality dueddition of
pollutant affects diversity and abundance of organsi. Riverine ecosystems have suffered from inténsean
intervention resulting in habitat loss and degriaxaand as a consequence, many fish species haeenkehighly
endangered, particular in rivers where heavy demamdaced on freshwaters [11]. Freshwater fishcare of the
most threatened taxonomic groups because of tigdir densitivity to the quantitative and qualitatakeration of
aquatic habitats [12-15]. As a consequence, they#ien used as bioindicator for the assessmewatdr quality,
river network connectivity or flow regime [16]. Tad the fish diversity and associated habitats mamagt is a
great challenge [17].

Study area

Dehradun is the capital city of the state of Utkhend in North India. It is located between 290&8d 310 2'30”
north latitude and 77034'45” and 78018'30" eastgitide. The River Yamuna originates from the Yanttino
Glacier at a height of 6,387 mtrs. on the southteresslope of Banderpooch peak (38059’ N and 78@1h the
Mussoorie range of lower Himalayas at an elevatibabout 6,320 mtrs. above mean sea level in Uitdrkdistrict
of Uttarakhand. It travels a total length of 1,&6meters (855 mi) and has a drainage system 6{2&3 km2,
40.2% of the entire Ganges Basin. The head wafeiger Yamuna are formed by several melt streaims chief of
then gushing out of the morainic smooth at anualétof 3250 m, 8 km North West of Yamunotri at téude 310
2'12” N and longitude 780 26’ 10". Arising from the®urce, the river flows through series of curved eapids for
about 120 km to emerge into Indo-Gangetic plair3ak Pathar in Uttaranchal.

UTTARKASHI

|
DEHRADUMN \

UDHAM SINGH
NAGAR

19
Pelagia Research Library



Amir Khan et al Euro. J. Exp. Bio., 2013, 3(2):18-31

MATERIALS AND METHODS

The present study was conducted on River Yamunartay a stretch of approximately 40 km from upstiga
downstream. Three sites were selected along tlee which includes Kalsi (S1), Dakpathar (S2) andsake
(S3). The study was carried out for a time peribdree year from August 2010-July 2011 on monthlgibawWater
samples were collected every month early in theningrin sterilized sampling bottles and were aredyfor twenty
two important physical and chemical Parameters. Fdwsico-chemical parameters like Temperature (0C),
Transparency (cm), Velocity (m/s), pH, Free CO2 /{ingnd Dissolved Oxygen (mg/l) were performedspot and
other parameters like Turbidity (JTU), Electric domtivity (umho/cm), Total Solids (mg/l), TDS (mg/ITSS
(mg/l), Total Alkalinity (mg/l), Total Hardness (g Calcium (mg/l), Magnesium (mg/l), Chloride (f)g BOD
(mg/l), COD (mg/l), Phosphate (mg/l), Nitrate (mg/Sodium (mg/l) and Potassium (mg/l) were analysed
laboratory by following the methodology of APHA [1&hanna and Bhutiani [19], Trivedi, and Goel [2Wetzel
and Likens [21].Temperature, Transparency, Velocity was measuyedsing Celsiusthermomete0-110 0C)
Secchi disc, and flow meter. Turbidity, Conductiviand pH were measured by using Jackson Turbidity, u
Conductivity meter and digital pH metéerotal Solids TDS, TSS were measured by volumetnalysis. Total
Alkalinity, Total Hardness, Calcium, Magnesium, @fidle, Free CO2, DO BOD and COD were analysed by
titration method. Phosphate and Nitrate were aedlyisy usingUV-VIS Spectrophotometer an8odium and
Potassium by Fame photometer.

The plankton collection was made by hauling of wdig plankton net (0.1mm mesh size) and preserned%
formaline solution. The plankton count was madeSeygewick rafter cell under the microscope (ModelQH-
20i.) by using the formula [18];

No. of Species/l=  C x 1000mm3
LxDxWxS

Here,

C= No of organisms counted
L= Length of each stripe (mm)
D= Depth of each stripe (mm)
W= Width of each stripe (mm)
S= No. of stripes

The qualitative analysis of the plankton samplesewmade with the help of Alfred et al. [22], Needhand
Needham[23], Randhawa [24], Tonapi [25] and Ward Wfipple [26-27], Welch [28], Smith [29],Murugan &t
[30], Vollenwinds [31], Peat [32]Besides personal fish collection, fishes were alocured from local fishermen
fishing at different sites using indigenous fishimgthod. Fish specimen were collected and preservedd%
formaldehyde solution. The identification of fishesre done on the basis of various morphologicaratters by
following the standard keys, literature and worldbingran et al. [33], Talwar and Jhingran [34}atam [35].

Statistical Measurement

Statistical analysis like Standard deviation, Asayof Variance (ANOVA) and Karl Pearson’s corrigat
coefficient (r value) wergvas carried out to find the relation between theérblpgical attributes and their impact on
biological variables.

RESULTS AND DISCUSSION

Physico-Chemical parameters of water

The physico-Chemical parameters (Avg.x SD) valuetsioed from the three sites of River Yamuna isegivn
table 1. From the results the temperature recoade€dll was minimum (17.25+2.45 0C) and at S3 it feasd
maximum (18.58+2.31 0C) showing a great variati@mf upstream to downstream. The highest value lofcitg
was recorded at S2 (1.71+£0.50 m/s) while the lowakie of velocity was found at S3 (0.392+0.10 mid)e pH
recorded at S2 was maximum (8.4+0.28) and it wasdaminimum at S3 (8.0+0.14) and S1 (8.27+0.25éhg
little variation from each other. Total Alkalinityas found to be highest at S3 (171.83+24.29 mg#)iawas found
minimum at S2 (150.75+22.34 mg/l). The concentratid Dissolved oxygen was found to be maximum at S2
(11.24+40.71 mg/l) and it was found minimum at S@.{B+0.83mg/l). Other parameters like Transpareowed a
decreasing trend from S1 to S3 while as Condugtiaitd Turbidity showed an increasing trend fromt&1S3.
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Turbidity was found to be highest at S1 (336.66+8382JTU) and it was found lowest at S3 (253.33+330.
JTU).Parameters like TS, TDS and TSS showed aqufar trend at all three sites during the wholarydotal
Hardness was found to be highest at S1 (84.58+103/8 and lowest at S3 (73.66+15.72 mg/l). Free2Gaas
found to be highest at S3 (1.52+0.234 mg/l) and G@i3 found lowest at S2 (4.51+0.993mg/l). BOD wexorded
highest at S1 (2.59+0.40) and lowest at S2 (2.32284). The parameters like Phosphate, Nitrate, Sodind
Potassium showed an irregular trend and a gredticar in their concentration from S1 to S3 durithg study
period.
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Fig 1 showing Velocity, Transparency and Temperatw at S1, S2 and S3 of River Yamuna
Fig 2 showing Turbidity, Conductivity, Total alkalinity and chloride at S1, S2 and S3 of River Yamuna
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Fig 3 showing TDS, TSS and TS at S1, S2 and S3 d¥& Yamuna
Fig 4 showing pH, Total hardness, calcium and magsaim at S1, S2 and S3 of River Yamuna

Phytoplankton, Zooplankton and Icthyofaunal diversity and density

The phytoplankton inhabitating the River Yamuna S, S2 and S3 comprises of 35 taxa out of which
Chlorophyceae constitutes (15 genera), Bacillasjophe (14 genera) and Myxophyceae (6 genera). Madation

of all the three sites is shown in table 2. Theedsity recorded at S1 was maximum for Bacillariopgae
(812.75+£351.51) followed by Chlorophyceae (241.7587) and minimum for Myxophyceae (59.75%£29.40).S&t
diversity was recorded to be highest for Bacillphigceae (677.25+264.53) followed by Chlorophyceae
(226.91+£106.59) and lowest for Myxophyceae (77.88%2). The diversity of phytoplankton was recordede
maximum for Bacillariophyceae (897.6+327.68) atf@®wed by Chlorophyceae (289.7+95.87) and Myxopdae
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(104.66+49.20). However the overall density wasfbto be highest at S3 (1291.96) followed by S114125) and
lowest at S2 (981.99) showing the trend (S3>S1>BR%. qualitative study of phytoplankton in Rivernvana of
Doon Valley revealed that the family Chlorophyceess represented b@hlorella, Chlaymydomonas, Spirogyra,
Ulothrix, Hydrodictyon, Cladophora, Cosmarium, Ctdooccum, Oedogonium, Microspora, Desmidium, Chara,
Zygenema, Syndesmus, and Volvbke family Bacillariophyceae was represented Ggratoneis, Amphora,
Caloneis, Fragilaria, Navicula, Synedra, Diatomspr@honema, Pinnularia, Melosira, Tabellaria, Denta
Cymbella, and CyclotellaThe Myxophyceae was represented Mgstoc, Anabaena, Oscillatoria, Rivularia,
Coccochloris, Phormidium.
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Fig 5 Showing Free CQ, DO, BOD and COD at S1, S2 and S3 of River Yamuna

Fig 6 showing phosphate, nitrate, sodium and potassn ay S1, S2 and S3 of River Yamuna

ms1

Fig 7 showing average phytoplankton quantity in Rier Yamuna at S1 from August 2010 to July 2011

Fig 8 showing average phytoplankton quantity in Rier Yamuna at S2 from August 2010 to July 2011

The Zooplankton inhabitating the River Yamuna at &4 and S3 include 29 taxa out of which Protoamasist of
(10 genera), Rotifera (11 genera), Copepoda (6rgered Ostracoda (2 genera). Mean variation ofhallthree
sites is shown in table 3. The diversity at S1 ¥eamd to be maximum for Rotifera (188.08+100.37)cdlwed by
Protozoa (119.75 + 82.26), Copepoda (75.75+46.88)@stracoda (14.66+12.01). The diversity recorates2 was
found to be maximum for Rotifera (136.0+80.31) daled by Protozoa (87.08 + 60.07), Copepoda (57.Q&43
and Ostracoda (10.50+7.21). At S3 the diversity reesrded to be highest for Rotifera (168.75+86f88pwed by
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Protozoa (139.91 + 74.65), Copepoda (99.91+48.58)lewest for Ostracoda (25.08+15.25). Howeverdherall
density was found to be highest for S3 (433.69)pfeed by S1 (398.24) and lowest for S2 (290.74)veing a
trend (S3>S1>S2). The qualitative analysis of Zankton in River Yamuna in Doon Valley revealed that
Protozoans were represented Agtinophrys, Actinosphaerium, Euglena, Parameci@aridinium, Campenella,
Epistylis, Vorticella, Arcella and DiffugiaThe Rotifera was represented teratella, Nolthoca, Rotaria,
Testudinella, Ascomorpha, Polyarthra, Philodina,plsichna, Pompholix, Brachionus and Trichocefthe
Copepoda was represented BGyclops, Diaptomus, Daphnia, Bosmina, Helobdellal afauplius StagesThe

Ostracoda was represented@ypris and Stenocypris
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Fig 9 showing average phytoplankton quantity in Rier Yamuna at S3 from August 2010 to July 2011

Fig 10 showing average zooplankton quantity in RiveYamuna at S2 from August 2010 to July 2011
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Fig 11 showing average zooplankton quantity in RiveYamuna at S2 from August 2010 to July 2011

Fig 12 showing average zooplankton quantity in RiveYamuna at S3 from August 2010 to July 2011
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Table 1showing average (Mean * SD) variation of physico-&mical parameters of River Yamuna at S1, S2 and S8r the year August
2010-July 2011

Sites S1 S2 S3

Avg + SD Avg + S.D Avg + S.D
Parametel
Temperature (°C) 17.25+2.4 18.0 +2.5! 18.56+2.31
Transparency (cm) 28.8 £22.77 33.60 +26.29 52.7438.11
Velocity (m/s) 1.68 +0.67 1.71 #0.50 0.392+0.10
Turbidity (JTU) 336.66 +382.54| 307.91 +366.63 253.33+330|72
Conductivity ( pmhocm™) 0.214 +0.059 0.160 +0.037 0.14540.018
T.S (mg/l) 541.66 +242.9 | 641.66 +317.5 | 658.33+284.3
TDS (mg/l) 241.66 £90.0 | 325.0 £142.2 | 366.66+123.0
TSS (mg/l) 300.0 £170.56 | 316.66 +203.75 291.66+183|19
pH 8.27 +0.25 8.40 +0.284 8.0+0.148
Total alkalinity (mg/l) 156.16 +29.60 150.75 +22.34 171.83+24.29
Total Hardness (mg/l) 84.58 £10.73 78.33 £9.15 73.66+15.72
Calcium (mg/l) 38.70 £10.52 39.47 +14.50 33.35+8.32
Magnesium (mg/l 11.37 £3.9¢ 9.47 £3.2( 9.83+3.2(
Chloride (mg/l) 30.81 +5.99 30.12 ¥10.16 29.42+4.55
Free CO, (mg/l) 1.16 +0.25 1.20 +0.292 1.52+0.234
D.O (mg/l) 11.21+1.21 11.24 +0.710 10.18 +0.830
B.O.D (mg/l) 2.59 +0.40 2.51 +0.284 2.54+0.239
C.0.D (mg/l) 4.60 +1.07 4.51 +0.993 5.22+0.512]
Phosphates (mg/ 0.54 +0.1° 0.501 +0.04 0.582+0.09
Nitrates (mg/l) 0.49 +0.10 0.900 #1.393 0.620+0.108
Sodium (mg/l) 0.28 +0.04 0.301 +0.050 0.311+0.071
Potassium (mg/l) 0.37 £0.05 0.372 +0.034 0.310 +0.084

*P=0.98, *Significant at0.05

A total of 24 taxa of fishes belonging to 6 fansliand 4 orders were recorded during the presedy site shown in
table 4. Cyprinidae family was found abundantlyS& follwed by S1 and S2 with 13 taxa includiBgrilius
bendelisis(Hamilton-Buchanan)Barilius vagra(Hamilton-Buchanan)Rasbora daniconiugHamilton-Buchanan),
Channa gauchugBloch and Schneiderpanio rerio (Hamilton-Buchanan)Danio devario(Hamilton-Buchanan),
Garra gotyla (Gray), Puntius ticto (Hamilton-Buchanan)Puntius sarana sarangHamilton-Buchanan)Laboe
gonius (Hamilton-Buchanan)l.abeo boga(Hamilton-Buchanan)Tor putitora (Hamilton-Buchanan) andor tor
(Hamilton-Buchanan). Family Schizothoracinae wasnfb abundantly at S3 with 3 taxa includiRgimas bola
(Hamilton-Buchanan) Schizothorax plagiostomugdieckel) andSchizothorax progast(ideckel) whereas family
Belonidae was recorded with only one taéenentodon cancil@Hamilton-Buchanan) and was not found at S2. The
family Cobitidae was recorded with 4 taxa includiBgtia dario Hamilton-Buchanan)Nemachelius savona
Hamilton-Buchanan)Nemachelius boti#lamilton-Buchanan) an@rossocheilus latius latiuslamilton-Buchanan).
Family Mastacembellidae was found with one tdd@stacembelus armatytacepede) and family Sisoridae with
two taxaBagarius bagariugHamilton-Buchanan) an@lyptothorax pectinoptrugMcClelland).

Relation between physico-chemical parameters

Karl Pearson correlation (r-values) calculated tfa quantification of relationship between variqakg/sical and
chemical parameters (table 5) revealed that traaepg was positively correlated with temperature 0.91,p >
0.01). Velocity was negatively correlated with tesmgture and transparenay=-0.81,p > 0.01) andr(= -0.97,p >
0.01). Turbidity was negatively correlated with femature and transparency but positively correlatigd velocity
(r = 0.93,p > 0.01). Conductivity was negatively correlatedharansparencyr (= -0.79,p >0.05) and positively
correlated with turbidityr(= 0.88,p > 0.01). Total Solids were positively correlatedhviransparencyr(= 0.74,p >
0.05) but negatively correlated with velocity«-0.59,p > 0.05).

Both TDS and TSS was positively correlated withal &@olids ¢ = 0.98,p > 0.01) andr(= 0.05,p< 0.05). pH was
negatively correlated with temperature=(-0.60,p > 0.05) and positively correlated with conductit = 0.39,p<
0.05). Total alkalinity was positively correlatedtlwtemperature and TDS €& 0.66,p> 0.05) and r( = 0.57,p>
0.05). Total hardness was positively correlatedhwiinductivity, TDS, TSS and pH but negatively etated with
total alkalinity ¢ = -0.65,p> 0.05). Calcium and magnesium was positively dateel with total hardness € 0.75,
p>0.01) and = 0.81,p > 0.01). Chloride was positively correlated witbnductivity ¢ = 0.94,p > 0.01) and
negatively correlated with total alkalinity € -0.71,p > 0.01). Free CO2 was positively correlated wéimperature
(r =0.87,p > 0.01) and negatively correlated with total hask( = -0.87,p >0.010). DO was positively correlated
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with velocity and pHi(= 0.99,p >0.01) and (= 0.95,p >0.01) but negatively correlated with Free C®2 ¢0.91,

p >0.01). BOD was positively correlated with DO=0.11,p< 0.05) and negatively correlated with Free CO2
0.24,p <0.05). COD was positively correlated with tempeara and Free CO2 but negatively correlated with @O
= -0.99,p > 0.01). Phosphate and nitrate was positively etated with Total Solids and TDS but negatively
correlated with hardness=-0.44,p <0.05) and (= -0.38,p< 0.05). Sodium was negatively correlated with pHl b
positively correlated with total alkalinityr (= -0.49,p <0.05) and = 0.56, p> 0.05). Potassium was positively
correlated with conductivity (r = 0.64, p >0.05)3amegatively correlated with sodium (r =-0.72,(a0G4).

Table 2 Average (Mean + SD Values) spatial qualitate and quantitative distribution of phytoplankton (Unit/l) at S1, S2 and S3 of River
Yamuna from August 2010 to July 2011

Sites S1 S2 S3
Phytoplankton Avg+SD Avg+SD Avg+SD
Chlorophyceae
Chlorella 25.66:18.64 42.623.83 24.418.02
Chlaymydomonag 26.75t9.61 25.7%8.69 20.585.93
Spirogyra 19.336.51 22.5@6.33 24.2%9.82
Ulothrix 15.414.31 15.839.07 27.9312.16
Hydrodictyon 13.33:10.22 6.587.11 15.087.36
Cladophora 17.75:4.39 15.2513.49 31.7%13.39
Cosmarium 14.0£7.96 21.3315.88 29.6612.45
Chlorococcum 10.916.92 11.5811.71 15.336.74
Oedogoniur 11.66+6.5¢ 7.6€+5.7¢ 15.06+7.52
Microspora 14.50:8.41 10.838.14 19.510.18
Desmidium 12.75:7.92 6.336.06 10.087.26
Chara 14.0:7.49 10.665.89 14.85.93
Zygenema 11.08:7.85 4.334.53 7.4%6.05
Syndesmt 14.5&7.5C 8.3345.67 10.16+5.6(C
Volvo» 20.(+£9.6¢ 18.0&12.0Z 24.5+13.1¢
Total 241.75+#72.07 | 226.91+106.5p  289.7+95.8§7
Bacillariophyceae
Ceratoneis 15.33:8.34 24.4311.09 17.88.65
Amphora 14.66:6.93 12.088.30 27.0813.30
Caloneit 15.(+12.4% 2.58+2.5(C 7.5(+4.6¢€
Fragilaria 112.5487.2¢ 146.7482.7¢ | 149.4441.9%
Navicula 171.0:64.80 138.3348.43 160.168.26
Synedra 42.66:27.63 45.7%22.24 36.9317.08
Diatoms 124.3356.36 76.3333.24 151.357.23
Gomphonema 82.58:39.03 33.7521.42 29.6616.52
Pinnularia 25.0&:11.02 10.41+8.0¢ 22.5+10.4¢
Melosire 15.6€+11.61 4.41+5.24 11.28+7.3(C
Tabellaria 61.16:30.59 89.2545.70 68.0330.50
Denticula 30.08:15.28 17.0813.22 45.3318.38
Cymbella 87.58:43.22 68.7%33.65 152.865.92
Cyclotella 15.08:12.99 7.334.88 19.510.80
Total 812.75+351.51| 677.25+264.58 897.6+327.68
Myxophyceae
Nostoc 10.835.60 9.9% 6.65 16.7511.00
Anabaena 9.25:5.78 9.254.35 16.66&7.57
Oscillatoria 10.83:6.56 23.839.26 21.58.74
Rivularia 8.75:6.21 13.87.94 22.8313.12
Coccochloris 8.335.63 2.2%2.70 6.086.20
Phormidium 11.753.79 19.587.73 20.8312.69
Total 59.75+29.40 77.83+24.12 104.66+49.20

Relationship between Plankton diversityand hydrological parameters

Pearson correlation coefficient (r values) cala@dabetween physico-Chemical variables and Plangtpulation
(table 6) inhabitating River Yamuna revealed thato@phyceae was positively correlated with tempesand
transparencyr(= 0.67,p > 0.05) andr(= 0.91,p > 0.01) but negatively correlated with velocitydaotal hardness (
=-0.97,p > 0.01) andr(= -0.67,p > 0.05). Bacillariophyceae was negatively coredatith turbidity ¢ = -0.53,p

< 0.05) and positively correlated with total alkéy (r = 0.91,p >0.01). Myxophyceae was positively correlated
with temperaturer(= 0.98,p >0.01) and negatively correlated with chloride=(-0.99,p >0.01). Protozoa was
positively correlated with TDSr (= 0.19,p <0.05) and phosphate € 0.98,p > 0.01). Rotifera was negatively
correlated with transparency (= -0.04, p <0.05) and positively correlated with turbidity & 0.19, p<
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0.05).Copepoda was positively correlated with terajpee ¢ = 0.50,p< 0.05) and negatively correlated with total
hardnessr(= 0.98,p> 0.01). Ostracoda was positively correlated witelt alkalinity ¢= 0.99, P> 0.010 and
negatively correlated with nitrates%£ -0.47,p <0.05).

Table 3 Average (Mean + SD Values) spatial qualitate and quantitative distribution of Zooplankton (Unit/l) at S1, S2 and S3 of River
Yamuna from August 2010 to July 2011

Sites S1 S2 S3
Zooplankton Avg.= SD Avg. £SD Avg. +SD
Protozoans
Actinophrys 13.16 +7.13 10.08 6.85 12.83% 6.60
Actinosphaeriur | 10.16+ 8.5 8.33+8.7( 13.16+ 7.3¢
Euglena 6.50+ 5.58 9.00+ 7.63 12.837.00
Paramecium 8.00+ 8.93 7.58 7.25 15.418.56
Peridinium 12.50+ 8.56 7.9+ 5.94 11.16:8.25
Campenella 17.16+ 11.23 7.0Gt 4.53 6.16t4.64
Epistylis 11.91+ 8.25 4.5C 4.25 12.7% 7.60
Vorticella 9.75+ 8.7¢ 11.41+7.22 17.58+8.51
Arcella 12.16+7.68 6.91+ 4.31 15.58t7.22
Diffugia 18.41+11.0 1433 7.38 | 22.4%11.09
Total 119.75+82.26] 87.08 +60.0f 139.91 + 74,65
Rotifera
Keratella 13.049.21 14.437.27 8.5@4.27
Nolthoca 15.16+7.92 9.66t6.32 16.168.12
Rotaria 14.08:7.39 10.7%9.15 18.5@9.85
Testudinella 17.25:11.29 12.168.11 10.166.91
Ascomorpha 15.08:12.78 16.089.40 20.338.94
Polyarthra 9.50t5.83 7.2%6.45 9.586.48
Philodina 14.08:10.25 8.7%7.20 9.9%7.21
Asplanchna 34.5:18.15 21.0810.79 23.4311.23
Pompholix 12.946.17 8.2%10.43 13.587.42
Brachionus 34.08:14.68 21.0811.66 27.5812.77
Trichocera 8.41+4.98 6.5@5.95 11.087.87
Total 188.08+100.37| 136.0+80.31 168.75+86.33
Copepoda
Cyclops 24.50:14.93 15.337.81 28.4%11.98
Diaptomus 15.25-8.34 9.085.51 13.336.40
Daphnia 14.50:6.51 11.25%6.63 14.088.81
Bosmina 6.25t5.49 4.163.37 11.937.93
Helobdella 5.835.04 4.083.07 11.936.94
Nauplius Stages 9.41+8.77 13.336.56 20.338.45
Total 75.75+46.93 57.16+30.91 99.91+48.58
Ostracoda
Cypris 6.41+5.94 5.082.76 14.339.14
Stenocypris 8.16t6.22 5.584.88 10.7%6.52
Total 14.66+12.0 10.50+7.2. 25.08+15.5

The Physico-Chemical variables are important emvitental factors of water in which all the biolodica
communities live in association with each other][3he most common physical assessment of watelityjis
measurement of temperature. Infact no other sifagtor has so intense influence and direct as a&lindirect
effect on biota of an ecosystem [37]. During thesent study the temperature recorded in River Yantanged
from 17.25 +2.45 OC to 18.58+2.310C respectivelpwidver the values of temperature recorded at allsites
varies monthly as well as seasonally but overaltdmperature was found to be slightly higher witiad a strong
effect on the chemical and biological parameteravafer. The total alkalinity recorded in River Yamauwas
relatively higher. The highly alkaline nature ofet water was revealed by the elevation of pH f&f+0.14 to 8.4
+ 0.28. The increase in pH could be due to eitherdased concentration of carbonates or incredsetgynthetic
activities of producers [38]. The higher carborate bicarbonate levels may have contributed tcatkalinity of
water samples. The conductivity, Total Solids TD® &SS were observed relatively in higher levelsirdu
monsoon period which may be attributed to the heainfall resulting in soil erosion and severaldfalboncentration
of elements and minimum in winters due to minimwetoeity which favoured effective sedimentation émat level
of water causing minimum silt. Hardness is an irtgoar parameter in decreasing the toxic effect déquous
element [39]. The values of total hardness rangech f73.66+15.72 mg/l to 84.58 +10.73 mg/l. Hardnealues
may be attributed to presence of high calcium amagmasium levels in aquatic ecosystems. In River MerDO

26
Pelagia Research Library



Amir Khan et al Euro. J. Exp. Bio., 2013, 3(2):18-31

(Dissolved Oxygen) concentration was almost higtgeal from 10.18 £0.830 mg/l to 11.24 +0.710 whiotiicated
the better conditions of water quality. The monthhd seasonal values vary and showed high DO ctratien in
River Yamuna. Levels of BOD ranging from 2.51+0128/| to 2.59+0.40 mg/l and COD ranging from 4.526D.
mg/l to 5.22+0.51mg/l may be due to addition ofamg content. Further slightly higher values of B@md COD in
this river were observed during the summer and beyattributed to the seasonal effect at high teatpes.
However in River Yamuna water at all the sitesuiable for various uses. Most of the people regjdilong the
bank of River Yamuna at S1, S2 and S3 still ussdvater for drinking and other purposes. The trarespcy was
minimum in monsoon while as turbidity was maximuuaridg this period and vice-versa. The reason fo Was
heavy rainfall during monsoon period which bringdl and other sediments resulting in less penetnatif light,
hence decreasing the photosynthetic activity ofatiquflora and resulting in low concentration of Dddiring
monsoon period [40]. The velocity was higher in &iyamuna during summer and monsoon months asait is
glacier fed river resulting in more and more watee to melting of ice and snow and also heavy adlinésults in
maximum runoff hence increasing its velocity. Inv&i Yamuna the concentration level of phosphate ratrdte
varied between 0.50 +0.04 mg/l to 0.58+0.09 mgd 48+0.10 mg/l to 0.90+£1.39 mg/l. The observed galof
phosphate and nitrate in river Yamuna reflect aoldiof phosphate and nitrate from anthropogeniccesi Further
phosphate and nitrate at S1, S2 and S3 may be raecbto runoff from feedlot or heavily fertilizedelds. The
relatively low concentration of Chloride in RivelamMuna may be due to dilution effect. The levelSoflium and
Potassium in River Yamuna ranged from 0.28+0.04l mog0.31+0.07 mg/l. The overall monthly mean valu#
Sodium and Potassium were relatively lower in Rivamuna.

Table 4: Ecological status and of diversity of Ichtyo — fauna of River Yamuna at S1, S2 and S3 fromugust 2010- July 2011

River Yamuna Ecological

Ichthyo-Fauna S1] s2] s3 Status
Order Cypriniformes
Family Cyprinidae
Barilius bendelisis(Hamilton-Buchanan) +++ | ++ | +++ | Intermediate
Barilius vagra(Hamilton-Buchanan) +++ | +++ | +++ | Rare
Rasbora daniconiu(Hamiltor-Buchanar + + ++ | Vulnerable
Channa gauchu(Bloch and Schneide ++ + + Vulnerable
Danio rerio(Hamilton-Buchanan) +++ | ++ | +++ | Rare
Danio devarigHamilton-Buchanan) + + ++ | Rare
Garra gotyla(Gray) + + + Vulnerable
Puntius tictgHamilton-Buchanan) ++ ++ | +++ | Rare
Puntius sarana sarai(Hamiltor-Buchanar + + ++ | Vulnerable
Laboe goniu(Hamiltor-Buchanar +++ | ++ | +++ | Intermediate
Labeo bogéHamilton-Buchanan) ++ + ++ | Intermediate
Tor putitorgHamilton-Buchanan) +++ | +++ | +++ | Vulnerable
Tor tor(Hamilton-Buchanan) ++ ++ | +++ | Vulnerable
Family Schizothoracinae
Raimas bol(Hamiltor-Buchanar + + + Endangerec
Schizothorax plgiostomus(Heckel +++ | ++ | +++ | Intermediate
Schizothorax progastgdeckel) ++ ++ | +++ | Intermediate

Order Beloniformes
Family Belonidae

Xenentodon cancifgamilton-Buchanan) [ + T - 1 + | Rare
Family Cobitidae

Botia darioHamilton-Buchanan) + + + Rare
Nemachelius savortdamilton-Buchanan) ++ + ++ | Vulnerable
Nemachelius botiédamilton-Buchanan) + + + Intermediate
Crossocheilus latius latiudamilton-Buchanan) ++ + ++ | Rare
Order Mastacembeliformes

Family Mastacembellidae

Mastacembelus armatsacepede) ++ | + | ++ | Rare
Order Siluriformes

Family Sisoridae

Bagarius bagariusdamilton-Buchanan) ++ + ++ | Vulnerable
Glyptothorax pectinoptrugMcClelland) ++ ++ | +++ | Rare

Total number of taxa reported= 24 24 23 24

Abundant: (+++); Present (++); Common (+); Nil: (-)
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Table 5 showing Pearson correlation coefficient beteen Physico-chemical parameters of River Yamuna &1, S2 and S3 from August 2010-July 2011

o <
j O — =3 o =
— % é g % % — — = Ei 8 g 9 :_;;I [ve] (@] ) zZ
S|2|8|E |5 9|8 |8 || 8|8 2|3 |8|5|8|8|g|°|o|F]
S |3 | g |F| 2|8 2|2 |3 |2 |8&%8 o0
3 g | & 2 | ® 3
< g @
[Temp 1
[Transparency | 0.91*| 1
\Velocity -0.81*%(-0.97*] 1
[Turbidity -0.96*|-0.98*| 0.93*| 1
Conductivity |-0.97*|-0.79*0.65**| 0.88* | 1
[Total Solids 0.95*|0.74**|-0.59* -0.84*|-0.99*| 1
TDS 0.99*| 0.86* |-0.74*%-0.93*|-0.99%| 0.98*| 1
[TSS -0.25*%-0.61*% 0.76* |0.48**|0.01**|0.05**|-0.14*% 1
pH -0.60** -0.87*| 0.95* | 0.78*|0.39**|-0.32*%-0.50** 0.92*| 1
[Total Alkalinity [0.66**| 0.90* | -0.97*|-0.82*|-0.46**0.39**|0.57**|-0.89*|-0.99*| 1
[Total Hardness|-0.99*|-0.91*| 0.80* | 0.96* | 0.97* [-0.95%|-0.99*|0.24**|0.59**|-0.65*% 1
Calcium -0.75*[-0.95*| 0.99* | 0.89* |0.57**|-0.51*%-0.67** 0.82*| 0.97*|-0.99*| 0.75*| 1
Magnesium -0.80*}-0.51**0.31**| 0.63* | 0.92* | -0.95*|-0.87*|-0.36**0.02**|-0.09** 0.81* |0.22**| 1
Chloride -0.99*(-0.94*| 0.85* | 0.98* | 0.94* |-0.92*|-0.98*|0.33**| 0.66* | -0.71*| 0.99*| 0.80* | 0.76*| 1
Free CO, 0.87*| 0.99* | -0.99*|-0.97*|-0.74*|0.68**| 0.81* [-0.68** -0.91*| 0.93* [-0.87*|-0.97*|-0.43**-0.91*| 1
DO -0.81*|-0.97*| 0.99*| 0.93*|0.64**|-0.59** -0.73*| 0.77* | 0.95* |-0.97** 0.80* | 0.99* |0.31**| 0.85*[-0.99*| 1
BOD -0.67*-0.32*%0.12**|0.47**| 0.83* |-0.87*|-0.75*|-0.54*%-0.18**0.10**|0.68**|0.02**| 0.98* |0.61**|-0.24*40.11* 1
COD 0.75* | 0.95* | -0.99*| -0.89*|-0.58**0.51**|0.67**| -0.82*| -0.97*|0.99**| -0.74*| -0.99*|-0.22*% -0.80*| 0.97* |-0.99*-0.03*% 1
PO, 0.45**| 0.76* |-0.88%|-0.66*%-0.23**|0.15**|0.34**| -0.97*|-0.98%| 0.96* |-0.44** -0.92*|0.15**|-0.52** 0.82* |-0.88*0.35**| 0.92*| 1
NOs 0.37**-0.01**0.22**|-0.13*%-0.59** 0.64**|0.48**| 0.79* |0.50**|-0.44** -0.38*|0.31**| -0.85*|-0.30**-0.10**0.23** -0.94*|-0.31*%-0.65** 1
Na 0.99* | 0.86* | -0.73*|-0.92*| -0.99*| 0.98* | 0.99* |-0.13**-0.49*%0.56**| -0.99*|-0.66** -0.87*| -0.97*|0.81**|-0.73% -0.76*|0.66**|0.33**|0.49*% 1
K -0.81*|-0.97*| 0.99*| 0.93* |0.64**|-0.58** -0.73*| 0.77* | 0.95*|-0.97*| 0.80* | 0.99* |0.31**| 0.85* | -0.99%|0.99%|0.11**| -0.99*|-0.89*|0.23*%-0.721 1
Significant at 0.01* and 0.05**
Table 6 showing Pearson correlation coefficient beteen Physico-chemical parameters and plankton divsity of River Yamuna at S1, S2 and S3 from August@20-July 2011
=
2 |8|8/8 |6l |@|g|T|2|&|¥|&|2|2|0|8|S|eo|d|5 |7
o) < | ZE ©
<
Chlorophyceae | 0.67* |0.91**|-0.97*|-0.83*|-0.48** 0.41** |0.58**|-0.88*|-0.99*| 0.99*|-0.67** -0.99*|-0.12**| -0.73*| 0.94*| -0.98*|0.08**| 0.99*| 0.96* |-0.42**| 0.58**| -0.98
Bacillariophyceag 0.31** | 0.66** | -0.80* |-0.53**-0.08**|0.00054*1 0.20** | -0.99* | -0.94*| 0.91*|-0.30** -0.86* | 0.31** |-0.39** 0.72*| -0.81*| 0.49**| 0.86*| 0.98*| -0.76*|0.19**| -0.81*
Myxophyceae 0.98* | 0.97* | -0.90*|-0.99*| -0.91*| 0.87* | 0.95*|-0.43** -0.74*| 0.78*|-0.98*| -0.86*|-0.69**| -0.99*| 0.95*| -0.91*|-0.53**| 0.86*|0.61**|0.20** | 0.95* | -0.90*
Protozoa 0.30**|0.66** | -0.80* |-0.53**-0.07**|-0.0034** 0.19**| -0.99*| -0.94*| 0.91*|-0.30**| -0.86*|0.31** |-0.38**| 0.72*| -0.81*|0.49**| 0.86*| 0.98* | -0.76*|0.18**| -0.81*
Rotifera -0.43**-0.04**-0.16**| 0.19** | 0.64**| -0.69** |-0.53** -0.75*|-0.45**0.38** 0.44** |-0.26**| 0.88* |0.36** |0.04**|-0.17** 0.95** |0.26**|0.60**| -0.99* |-0.55**-0.18**
Copepoda 0.50**| 0.80* | -0.91*|-0.70%|-0.28**| 0.20** |0.39**|-0.96*|-0.99*| 0.98*|-0.49** -0.95*|0.10** |-0.57** 0.85%|-0.91*|0.30**| 0.95%| 0.99* |-0.61**| 0.39**| -0.91*
Ostracoda 0.63**| 0.89* | -0.96*| -0.81*|-0.44**| 0.36** |0.54**|-0.90*|-0.99*| 0.99*|-0.63**| -0.99*| -0.06* | -0.70*| 0.92*| -0.97*|0.13**| 0.99*| 0.97*|-0.47**|0.54**| -0.97*

Significant at 0.01* and 0.05**

28
Pelagia Research Library




Amir Khan et al Euro. J. Exp. Bio., 2013, 3(2):18-31

River Yamuna showed highest quantitative and catal# composition of plankton and fish fauna frofnt8 S3.A
distinctive pattern of phytoplankton structure wasserved at all the three sites. Maximum numbetotdl
phytoplankton during the study period indicatesdypbysicochemical condition$he Phytoplankton inhabitating
River Yamuna comprises of 35 taxa out of which @hphyceae constitute (15 genera), Bacillariophycdae
genera) and Myxophyceae (6 genera). The diverditarillariophyceae biomass was dominating the Rive
Yamuna. The population dynamics of the phytoplanki® influenced by the climatic conditions as wad the
physico-chemical characteristics of the river. Arkea difference in the composition and in the alaunu# of
various algal groups was observed in the river. flineidity and the heavy water current will prevéme growth of
phytoplankton during the monsoon period. During sw@nseason, the river water turns to more laciestind the
additions of nutrients favour the growth of plamdoHydrological factors such as discharge or wagsidence time
are thought to be of greater importance to planktatevelopment in rivers [41]. In the present irtigegion
Bacillariophyceae formed the bulk of the algal pafion in river Yamuna. Diatoms (Bacillariophyceakminated
the phytoplankton during the study period. In mlasge rivers, a bloom dominated by diatoms, oc@&ftsr the
decrease of discharge in spring, where as mixedlptpn of Chlorophyceae and diatoms comprisesstiramer
phytoplankton [42]. Higher concentration of phytpkton at S3 was mainly due to the increase imgttamtity of
nutrients. Bacillariophyceae was remarkably abuhttean the other groups of planktons. The next jment group
was Chlorophyceae followed by the Myxophyceae. phesphate and nitrate content at all the sitesnduttie
phytoplankton peaks were not always high. The l@ncentration of phosphates and nitrates duringntbaths
when quantity of phytoplankton was high may be tuhe utilization of the nutrients by the phytagtéon.

The composition and occurrence of zooplankton exbiin the various stations during the period ef skudy is
shown in Table 3. Qualitatively, the fauna of eaelmpling site was dominated by rotifers followedgsgtozoa,
copepods, and ostracods in that order. The Zoofgan&onsists of 29 taxa out of which Protozoa idely(10
genera), Rotifera (11 genera), Copepoda (6 gemexhjOstracoda (2 genera). However Rotifera was miaimg the
River with maximum diversity. Most of the zooplaok encountered in the study area appears to bmahor
inhabitants of natural lakes, ponds, streams atificel impoundments in India and in tropics andbgrophics [43].
The rotifers constitute the largest group of zoogtan recorded in all the sites. The ability ofiflers to undergo
vertical migration, which minimizes competition dlugh niche exploitation and food utilization, colle probably
the reason for their dominance [44]. Also, rotifiehness in the stream probably could be due th higcrohabitat
diversity especially at sites S1 and S3. The highufation abundance of rotifer may also be atteduto their
parthenogenetic reproductive pattern and shortldpeeental rates under favourable conditions in nfiesth water
systems [45]. Pearson’s correlation coefficientdated that several environmental variables exerbrassiderable
influence on the zooplankton abundance especiaiyotied oxygen, temperature, total alkalinity, gbloate and
pH. Consistent with our findings Sarkar and Chougld6] reported significant multiple correlatiofetween
plankton abundance and several physical and chérdcables in their study. During the course afdst Ichthyo
fauna was more diverse in River Yamuna as showvtalile 5. The river water is a natural medium far ¢ihowth of
aquatic flora and the fluxing of the wastes by ratar anthropogenic factors cause a disturbands romposition.
Fish communities in riverine system typically falloa pattern of increasing species richness, diyersnd
abundance from upstream to downstream [47-48herpresent study it was revealed that dissolvedgexyand pH
are key habitat features and positively correlat@t the fish assemblages and are the most impovemables in
shaping fish distributions. The variations in thabitat attributes like pH, turbidity, total dissetV solids and
conductivity across different sites was attributeddifferences in land use pattern, which was resjote for
variation of species diversity and distribution J4®@ur study depicted the presence of 24 taxa lgihonto 6
families and 4 orders. Though the fish diversitysypaofoundly present in the River Yamuna but thergreat need
of conservation strategies as far as the stattislofauna is concerned. The velocity of water adsearing effect
upon the biological diversity. This causes the ¢geam the optimum conditions favorable for the gitowf the
aquatic flora [50]. With the increase in velocityrihg rainy season, the aquatic flora and fauna getshed off
from the stones and other substratum. The turbithty a negative correlation with plankton populatias well as
other aquatic organisms because with the increasebidity the photosynthesis is adequately effdadue to less
light penetration resulting in lower levels of D@daultimately adverse effect on aquatic biodivgrgtl].

The impact on physico-chemical and biological obatons showed clear monthly and seasonal variadion
different sites of River Yamuna. The river bearschuiversified biodiversity especially at S3 adsita lake
ecosystem and its conditions are favourable forgtimevth of flora and fauna residing in it. The Riwvéamuna at
S1, S2 and S3 originating from Yamunotri glacies keast pollution because of minimum anthropogentitvities.
The bottom of the river is sandy and stony whichhis indication of pollution free ecosystem. Thetwdinal,
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geographical variations, mountain slopes, expansionver valley and the vegetation cover has givese to
varying microclimatic conditions in the study aredich affected the physico-biochemical propertiésRover
Yamuna and all the abiotic and biotic factors wererrelated with each other [52]. Among physiceittical
parameters water temperature was influenced bycigl@radient, river bed and impact of previoughtiweather.
The transparency was affected by TSS, sand, plardbal rainfall in monsoon period. The velocity bé triver
increases with the melting of snow and again shoavethcrease during monsoon. The direct relatignbbitween
the amount of DO and aquatic flora and fauna wasrted. The concentration of nitrates and phosghatere
within the limits which proved to be helpful in plkton production in the river. The interaction dffetent
environmental factors influences all the living angsms in each trophic level of this aquatic ectesys[53]. The
synchronization of the organisms and their envirentiis the basic rule of ecology. Hence freshwagsources are
the life line of a community, it is essential tl@mmunities get involved and interlinked for thgimvival without
changing their ecological niche [54]. The presandyg suggested that River Yamuna in Uttarakhand tbase
preserved for its intended use, a sustainable alistio management planning is necessary for coasien of this
aquatic ecosystem. Habitat destruction, over etgilon and wanton destruction should be controléadl
environmental awareness with regard to aquaticystes in Himalayas be propagated among the praspesnd
inhabitance of the area for the general follow up.
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