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ABSTRACT KEYWORDS
M acrozoobenthos comprises of animportant group of aguatic fauna by way Bioindicators;
of their contribution to ecosystem stability, besides acting as potential Correlation;
bioindicators of trophic status. Being efficient energy converters, they Mac_rozoobenthos;
constitute an important link in the aquatic food web. In view of importance of River Yamuna.

such an aguatic bioresource on one hand and scarcity of information about
them, on the other, the present study aimed at working out the species
composition and diversity Macrozoobenthos of the River Yamuna in
Uttarakhand and their relation to several physico-chemical parameters. The
sampleswere collected from three sampling stations (Kalsi S1, Dakpathar S2
and Asan Lake S3) from August 2011 to March 2012. The data collected on
various physico-chemical parameters and benthic fauna showed dight site-
specific fluctuations. The present study showed that the temperature, water
velocity, turbidity and dissolved oxygen and nature and size of the bottom
substratesdo play amgjor rolein determining the macro-invertebrate diversity
of river Yamuna. The benthic faunawas comprised of 27 generabelonging to
7 orders which mostly include Ephemeroptera, Diptera, Coleoptera,
Hemiptera, Plecoptera, Odonata and Trichoptera. Thetotal benthic diversity
wasfound highest at S1 (307 ind/m?) followed by S2 (286.5) and S3 (268.8)
respectively. The ecological relevance of the measured physico-chemical
parameters was investigated by comparing their degree of correlation with
macrozoobenthic density and diversity and it was revealed that the
macroinvertebrate showed a fairly good relation with physico-chemical
attributes and the vaues of date obtained reflected the conditions existing
in the River Yamunain terms of the quality and quantity of the biota.
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INTRODUCTION ral resourceto man’s varied activities. Like other water
bodies, riversare specidized habitats of plantsand ani-
Freshwater isaninvaluableaswell asafinitenatu- mals; their ecosystems are particularly sensitive to
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changeinduced basically by man’s activities in water
balance, in water chemistry and in habitats. Benthic
macro-invertebratesareinvertebrates (or animalswith-
out abackbone) that live on the bottom of streamsdur-
ingdl or part of their lifecycle. Benthic macro-inverte-
brates often go unnoti ced because of their szeand habi-
tat; they arean extremely important part of river eco-
systems, and serveasalink inthefood web between
decomposing leavesand agae, and fish and other ver-
tebrated!l. They act as the secondary producers and
formapart of food web of aquatic ecosystem. Aquatic
macroinvertebrates are important food for fish and
waterfowls. They also play animportant rolein trans-
ferring energy from thefirst trophic level to second
trophiclevd infreshwater ecosystems. Benthic aguatic
macro-invertebrates are sengitiveindicators of environ-
mental changesin streams becausethey expresslong-
term changesin water and habitat quality rather than
instantaneous conditions?. Water being used by every
specieson earthisover exploited in several ways. Itis
highly polluted dueto thedifferent activitiesof human
beings. Theimpact of theseactivitiesisnot only onthe
quality of water but also on the aquatic biodiversity
present init®. Thelossof biodiversity in aguatic eco-
systems hasimportantimplications, diminished resis-
tance and resilienceto disturbance, system simplifica-
tionand lossof ecologica integrityt. Themaintenance
of a healthy aquatic ecosystem is dependent on the
physico-chemical propertiesof water and the biol ogi-
cd divergty. A congderablework ontheaguatic macro-
invertebrate has been done by several aquatic biolo-
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gistd>4, Some of the studies have a so been madein
thedifferent partsof theIndian subcontinent!*>21. How-
ever, no effort has been made so far to study themacro-
invertebratesdwellingintheriversof Doon Valey, In-
dia, inspite of the fact that the wide variety of micro-
habitats (rock surfaces, plant surfaces, leaf debris, logs,
back waters, sandy sediments, crevicesingravel and
pebbles) areavailableintheriversof DoonValey to
aguatic macro-invertebrates. In understanding the ex-
isting relation the present study was conducted to study
thedivergity pattern of Macrozoobenthosand their re-
lation with quaitative characteristicsof River Yamuna
inDoonvaley Uttarakhand.

MATERIALAND METHODS

Sudy area

River Yamuna, the largest tributary of Ganges
(Ganga) innorthern IndiaoriginatesfromtheYamunotri
Glacier a aheight of 6,387 mtrs., onthe south western
dopes of Banderpooch peaksin the Mussoorierange
of Lower Himalayas, in the Uttarkashi district of
Uttarakhand, it travelsatotal length of 1,376 kilome-
ters (855 mi) and has a drainage system of
366,223 km2, 40.2% of the entire Ganges Basin, be-
fore merging with the Ganges at Triveni Sangam,
Allahabad, thesitefor theKumbhaMeaevery twelve
years. Three sampling siteswere selected intheriver.
Site S1 was chosen from Kalsi, site S2 from the
Dakpathar and site S3 from theAsan Lake.
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Collection and analysisof samples

Thesamplingwascarried out on monthly bassfrom
August 2011-March 2012. Water sampleswere col-
lected early inthemorning in erilized sampling bottles
and wereanalysed for twenty important physical and
chemical Parameters. Few physico-chemical param-
eterslike Temperature (OC), Transparency (cm), Ve-
locity (m/s), pH, Free CO2 (mg/l), and Dissol ved Oxy-
gen (mg/l) were performed on spot and other param-
eterslike Turbidity (JTU), Electric conductivity (umho/
cm), Total Solids(mg/l), TDS(mg/l), TSS(mg/l), Tota
Alkdinity (mg/l), Total Hardness(mg/l), Calcium (mg/
), Magnesium (mg/l), Chloride (mg/l), BOD (mg/l),
COD (mg/l), Phosphate (mg/l), Nitrate (mg/l), Water
sampleswere analysed in accordancewith APHA[?,
Trivedi and Goel’?®, and Khannaand Bhutianit?!. For
collection of macrozoobenthosthe mud sampleswere
collected by Ekman’s dredge (size 15 cm2) soon after
liftingthegrab thesampleswereimmediately transferred
to an enamel basin and then passed through aseries of
seveswith addition of water onthespot. Theanimals
were hand picked with the help of forceps and pre-
servedin 70%a cohal for detailed andys ssubsequently.
The population density was expressed asindividuals
per square meter. Different taxawereidentified with
the help of keys given by Ward and Wippl&?>28,
Edmondson? and Tonapi®!

Satistical measurement

Statistical analysislike Standard deviation, Karl
Pearson’s correlation coefficient (r value) and ANOVA
was used to find the rel ation between the between dif-
ferent parameters.

RESULTSAND DISCUSSION

Physico-chemical characteristicsof water

Average (AvgtS.D) data of the physico-chemical
characteristicsof water recorded at thethree sampling
sitesof theriver are presented in TABLE 1. Themost
common physical assessment of water quality ismea
surement of temperature. Infact no other singlefactor
has so intenseinfluenceand direct aswell asindirect
effect on biotaof an ecosystem. During the present study
maximum water temperature was recorded at S3
(18.25£1.90 0C) and minimum temperature was found
at S1(17.12+1.88 0C). There was no significant dif-
ference between the mean val uesrecorded from three
gations. Vel ocity wasfairly good at S1.and S2 through-
out the year with the highest value at S2 whereasthe
lowest velocity wasrecorded at S3 (0.41+0.09 m/s).
Ve ocity wasa so found negatively correl ated with tem-
perature (r =-0.79, p < 0.05). Transparency wasre-
corded greater at S3 due to more depth in the lake
whereasit fluctuates at S1 and S2 dueto lessdepth of
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river. Transparency showed apositive significant rela
tionwith temperature (r =0.96, p>0.05) Turbidity was
found to be maximum at S2 which may bedueto high
Total solids. However the turbidity was found to be
negatively correlated with transparency (r=-0.48, p>
0.01) but positively correlated with velocity (r=0.99,
p> 0.05). Mostly the water is clear and the bottom
could be seen through naked eyesthroughout the year
except inrainy season. Conductivity wasrecorded high-
estat S1(0.183+0.007 p mho/cm-1) and lowest at S3
(0.134+0.005 p mho/cm-1). It was also found posi-
tively correlated with turbidity (r = 0.90, p > 0.05).
ThepH of thewater wasmostly akalinethroughout the
courseof thestudy. ThepH rangeiscomparatively nar-
row but fallswithin the recommended range (6.5—9)
assuitablefor aguatic lifé?. A pH of (8.18+0.12) was
recorded at S3followed by S2 and S1. The higher pH
rangereflectstheakalinenature of water. pH wasaso
found to be positively correl ated with temperature (r
=0.94, p>0.05). Theaveragevauesof totd akdinity
rangesfrom (182.75+21.21 mg/l) to (145.37+7.61 mg/
). Thehigher alkalinity valuesreflect the presence of
sdtsinthecatchment area. Totd hardnesswasrecorded
highest at S1 (94.37+16.29 mg/1) followed by S3 and
S2 and thismay be attributed to presence of high cal-
ciumand magnesiumlevels. Presence of high calcium
and magnesium indicatesthe marl character of river.
Total hardness showed positiverelationshipwithtotal
akalinity (r=0.94, p>0.05) but aninversecorrelation
with conductivity of the water. Chloride content was
found highest throughout the study and wasfound maxi-
mum at S2 (36.16+3.50 mg/l) and minimum at S1
(29.43+4.58 mg/1). D.O values ranged from
(12.32+0.83 mg/1) to (10.80+0.59 mg/1) from S1 to
S3. Thevaluewas highest throughout the year but a
slight decrease was recorded in summer dueto high
temperature though faster rate of organic matter de-
composition aso contributesto consumption of DO
under warmer conditions®?. Also DO was negatively
correlated with temperature (r =-0.64, p < 0.05). De-
composition of organic matter substrate especialyin
summer contributesnot only to higher vaueof free CO2
but also to depletionin O2 content subsequently leads
to built up of free CO2 by the process of an aerobic
digestion of organic wastes. Free CO2 wasfoundto
behighest at S2 (1.66+0.21 mg/1) followed by S3 and
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TABLE 1: Showingtheaveragevaluesof Physico-chemical
parameters of River Yamuna at sampling sites1, 2and 3
from August 2011- M arch 2012

Parameters Avg+SD Avg=+ S.D Avg=+ S.D
Temperature®C  17.12+1.88  17.62+2.06  18.25+1.90
Transparencycm  16.46:9.25  26.62422.36  31.26+ 22.59
Velocity mis 184:070 221057  0.41:0.09
Turbidity JTU ~ 236.31:382.56 252.50:403.29 203.75+324.24
E;’L‘i‘fl;'_‘{' Y 0183:0007 0.177:0.023 0.134-0.005
TSmgl 537.5:370.08 575.0:349.49 487.5:274.84
TDS Mg/l 250.0+160.03 300.0+160.36 237.5:118.77
TSSmgl 287.5:22320 275.0+205.29 250.0+169.03
pH 810:009  816:014  818:0.12
-lr;g/?l akalinity g5 7512121 14537761  170.75:15.49
Igﬁ" Hadness o4 57,1629  85.83:7.98  94.62:8.97
Cadummgl  46.18:537  37.93:4377  30.15:4.46
Magnesummg/!| 11.75:2.84  11.69:177  15.72+2.83
Chioidemgl  29.43:458  36.16+350 31714281
FreeCO,mg/l  142:015  166:021  144:0.18
D.O mg/l 11.32:083  10.80:059  10.95:0.42
B.0.D mg/l 280:033  266:023  2.55:0.20
C.0.D mgll 492:060  478:056  4.94:0.57
Phosphatesmg/l  0.534:0.054 055580092  0.652+0.123
Nittaesmg!| ~ 0.468:0.078 0.516:0.034 1.112:0.238

P = 0. 975, Significant at 0.05 confidence level

S1. Free CO2 showed positiverdationwith tempera
ture (r = 0.01, p < 0.01). The concentration of BOD
fluctuated from (2.80+0.33 mg/1) to (2.55+0.20 mg/1)
from S1to S3. BOD vauesincrease with increase of
temperatureinthestudy. COD, Phosphatesand Nitrates
a0 showeddight fluctuationswith changing seesonsand
months. Thestudy of abiotic featuresindicatesthat the
magnitude of various parametersispartialy or wholly
associaed with thelevd of river dischargeand seasonin
the present study. Water temperaturefound to bere ated
todevaionandadeclineinit a higher devationmay be
corroborated with lower ambient temperature. The pH
vauehighinwinter and low in summer and monsoon
may be dueto photosynthetic activity asa so recorded
by Nautiyal® and Singht*3 in other rivers of the
Himalaya. Thefree carbon dioxideiseither absent or
present in different months, which reflectslessload of
organic matter in thewater. Ganpati™ attributed that
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TABLE 2: Showing the Pear son correlation coefficient between the Physico-chemical parameters

cy
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S 5 B 5 9 5'_‘:‘6@ c2 T > g2 2
et 2° 8 EE 82 o 8§ @y = 2TECEL 2 58 ¢ 88 0 § § ZE T
@ - B = T o) =
e £ s B g% o 88 = 5 2 0 & 2
Temperature 1
°c
Transparency 0.96
1
Cm
Velocity
b 079 -059 1
Turbidity
U 070 048 099 1
Conductivity - 94 081 095 090 1
pu mhoem
TS 062 -038 097 099 085 1
mg/l
DS 025 002 078 086 056 091 1
mg/l
TSS 099 -092 086 078 097 071 037 1
mg/l
pH 094 099 054 -042 -0.77 -0.31 009 -089 1
Igﬁl Alkalinity 555 950 038 -051 -0.09 -0.60 -0.87 012 -057 1
Igﬁl Hardness 09 018 -067 -077 -042 -0.83 -098 021 -025 094 1
%/?um 99 -098 0740 064 090 055 017 097 -097 033 -001 1
mglglynesum 089 073 098 -095 -0.99 -091 -0.66 -0.94 068 021 053 -085 1
g;/?”de 027 052 037 049 007 058 086 -014 058 -09 -093 034 019 1
Free CO, 0.0
! 0l 028 060 070 032 077 096 011 034 -097 -099 -009 -044 096 1
?1'5' 064 -082 004 -009 034 -0.20 -057 054 -086 090 0.70 0.70 -022 091 -0.77 1
E@?AD 099 -099 070 060 088 051 0.2 096 -098 037 004 099 -0.82 -039 -0.14 073 1
%&D 018 -009 -074 -0.82 -0.50 -0.88 -0.99 -0.30 -0.17 0.90 099 -0.09 0.60 -0.89 -0.98 0.63 -0.05 1
?g‘;fphat&‘ 096 084 -093 -0.87 -0.99 -0.82 -0.51 -0.98 0.80 003 037 -0.93 098 -0.01 -0.27 -0.39 -0.91 045 1
x‘&’l"’“es 092 078 -096 -0.92 -0.99 -0.87 -0.60 -0.96 0.74 013 046 -0.89 099 -0.11 -0.37 -0.30 -0.86 054 0.99 1
:?g‘?:“m 074 053 -099 -0.99 -0.92 -0.98 -0.83 -0.82 047 046 073 -0.68 0.96 -0.44 -0.66 003 -0.65 0.79 0.90 0.94
E]O&f’l‘ss'“m 099 091 -0.86 -0.79 -0.97 -0.72 -0.38 -0.99 088 -0.12 022 -0.97 094 013 -0.12 -0.53 -0.96 0.31 0.98 0.96

the changesin thevalues of bicarbonatesarerelated
with therate of photosynthetic activity. Thereisapro-
gressveincreaseinthetota hardnessinwinter and sum-
mer and decreasein monsoon. A widevariationin hard-
ness indicates that water of this channel may not be
characterized as permanently hard asa so reported by
otherg®. Theriversof Indian subcontinent including
thosedraining the Hima ayashow seasond variationd®
371, A combination of many factorsinthefluvial water,
such asrunoff, erosion, vegetation cover, nitrogenous
compounds, fertilizersand domestic wastesincluding
organic matter responsiblefor variation of thenitrates
and phosphatesin the river®l. Themaximum amount

of solidswasrecorded during monsoonwhichindicates
poor quality of water inthe season®. Anincreasein
temperature of water resultsin decrease of DO and an
increasein sediment concentration hampersthe photo-
synthesisand reduces DO level %, Torrentia nature of
river and itsgradient resulted in variation of DO from
upstreamtodownstream inthewater. Aninverserda
tionship between DO and free carbon dioxidein fresh
water bodiesreported by Raind*!. Thevauesof BOD
and COD showed variation in months, season and alti-
tudeinthewatert*?, However the resultsobtained from
the study showed that most of the physico-chemical
parameterswere within the observed rangeand were
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TABLE 3: Showingqualitativeand quantitativedistribution of macr ozoobenthos(ind/m?) inriver Yamunaat sampling sites
1, 2and 3fromAugust 2011-M ar ch 2012

Sampling Site Sampling Sampling Sampling Sampling Sampling Sampling

Sampling Sites

1 Site 2 Site3 Sites Sitel Site 2 Site3

B'\ggcr:gs Avgt SD Avgt SD Avgt SD B'\gﬁcr:gs Avgt SD Avgt SD Avg:e SD
Ephemeroptera Hemiptera
Ephemera 21.125 1287 85 8384 151 11.27 Micronecta 538 3.739 158 1142 113 7.26
Baetis 1725 11 149 1151 174 12.78 Heleoceris 115 7.211 108 8.067 11 9.13
Caenis 19.125 1538 121 1058 14.6 10.16 Gerris 963 7501 10 7.746 9.38 855
Leptophlebia 2225 13.93 105 7.502 10 8.089 Tota 265 179 365 269 316 2362
Cleon 16.625 9.782 10.5 10.04 85 7.709 Plecoptera
Heptagenia 30.625 16.41 16.4 11.04 9.25 7.815 Perla 725 4803 124 9841 113 9.099
Total 127 771 729 55.64 749 57.07 lIsoperla 50 4175 145 1122 95 7171
Diptera Capnia 141 9.877 101 8132 7.75 7.741
Dixa 124 6.739 9.38 8.158 8.75 6.798 Tota 264 1757 37 2828 285 2322
Chironomous 313 2031 10 1195 15 1512 Odonata
Smulium 3.63 2504 106 7.782 95 8435 Corixa 123 8049 10 7.672 9 8018
Antoch 129 9493 10 7.407 10.1 7.791 Agrion 175 2375 103 101 963 7.577
Bibiocephala 106 6.823 10.8 8631 10 8.701 Matrona 6.13 4.824 825 7517 9.88 7.864
Total 426 2482 418 31.06 399 301 Tota 20.1 1454 285 2459 285 221
Coleoptera Trichoptera
Laccobius 9.25 6.409 9.63 8484 8.38 6.567 Hydrosyche 8.13 8.357 8.88 8.026 6.13 5.249
Hydraticus 95 7171 106 9.07 875 9.208 Glossoma 7.63 6.232 838 6.163 10 7.597
Hydrophilus 129 9493 120 1013 111 9.37 Hydroptla 875 9377 10 835 105 8124
Dryops 825 6.756 10.3 8.697 10.5 8.089 Tota 245 2321 273 2226 26.6 20.68
Total 399 2914 425 3525 388 30.36

TABLE 4: Showing Pear son correlation coefficient between macr ozoobenthosand physico-chemical parameters

Velocity
Turbidity
Conductiviy
TS
TDS
TSS
pH
Total
Alkalinity
Total
Hardness
Calcium
Magnesium
Chloride
Free CO2
DO
BOD
COD
Phosphate
Nitrate

Temperatue
Transpareny

Ephemeroptera -0.81 -0.94 0.29 0.16 0.57 0.05 -0.4 0.73 -0.96 051 0.85 -0.46 -0.78 -0.59 0.96 0.88 0.42 -0.61 -0.53
Diptera -0.99 -0.90 0.88 0.81 0.98 0.74 0.41 0.99 -0.87 0.08 -0.25 0.96 -0.95 -0.10 0.16 0.50 0.95 -0.33 -0.99 -0.97
Coleoptera -0.35 -0.08 0.85 0.91 0.65 0.95 0.99 0.46 -0.01 -0.82 -0.96 0.27 -0.73 0.80 0.93 -0.49 0.22 -0.94 -0.60 -0.68
Hemiptera 045 0.68 0.18 0.32 -0.12 0.42 0.75 -0.34 0.73 -0.98 -0.85 -0.52 -0.001 0.98 0.90 -0.97 -0.57 -0.79 0.17 0.07
Plecoptera 0.12 0.68 051 0.62 0.22 0.7 0.93 0.002 0.45 -0.99 -0.98 -0.20 -0.34 0.98 0.99 -0.83 -0.25 -0.95 -0.17 -0.27
Odonata 0.83 0.95 -0.32 -0.2 -0.59 -0.1 0.33 -0.76 0.97 -0.75 -0.48 -0.87 0.48 0.76 0.56 -0.96 -0.90 -0.39 0.63 0.55
Trichoptera 0.67 0.85 -0.09 0.05 -0.38 0.16 0.54 -0.58 0.88 -0.88 -0.68 -0.73 0.26 0.89 0.75 -0.99 -0.77 -0.60 0.43 0.34

©
y
o

foundtobewithintolerablelimitsfor speciesrichness  environmental changesin streamshbecausethey express
of macro-vertebrate surviva. long term changesin water and habitat quality rather
than instantaneous conditiong®!. Phys co-chemica vari-
ables, such aswater temperature, dissolved oxygen,

The qualitative and quantitative data on the  discharge, nutrientsand substrate, influence community
macrozoobenthosof River YamunaaregiveninTABLE  structure and function of aguatic insects*#. The

3. Benthic aquaticinsectsare sensitiveindicatorsof  macro-invertebratesdwellingintheriver Yanunawere
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mostly represented by thelarvae (immature stages of
aguaticinsects). Theselarvae belong to the orders of
Ephemeroptera, Plecoptera, Hemiptera, Col eoptera,
Trichoptera, Diptera and Odonata. Analysis of the
monthly abundance of macroinvertebratesintheriver
a so revedl ed that the maximum abundance of macro-
invertebrateswasrecorded at thesampling site S1 and
minimum at S3. The sequence of abundance of macro-
invertebratesin dl thethreesiteswas S1>S2 >S3with
decreasing dtitude. Thusthedensity of macro-inverte-
brateswasfound decreased a ong thedecreasing alti-
tude. Altogether benthic faunawas comprised of 27
genera belonging to 7 orders which mostly include
Ephemeroptera, Diptera, Coleoptera, Hemiptera,
Plecoptera, Odonata and Trichoptera. The total
benthic diversity wasfound highest at S1 (307 ind/m2)
followed by S2 (286.5) and S3 (268.8) respectively.
The species of macro benthosfound during the study
were Ephemera, Baetis, Caenis, Leptophlebia,
Cleon, Heptagenia, Dixa, Chironomous, Smulium,
Antoch, Bibiocephala, Laccobius, Hydraticus,
Hydrophilus, Dryops, Micronecta, Heleoceris,
Gerris, Perla, Isoperla, Capnia, Hydrosyche,
Glossomaand Hydroptila. Themaximum diversity was
recorded to be of Ephemeropteraat all thethreesites.
The percentage composition of macro-invertebrates
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contributed by varioustaxahasreved ed that themagor
contribution was made by Ephemeroptera (53%) fol-
lowed by Hemiptera(28%), Diptera(24%), Plecoptera
(27%), Coleoptera (23%), Trichoptera (23%) and
Odonata (22%).

The macro-benthos showed agood and positive
relation with most of physco-chemica parametersthat
were good for the growth and surviva of the benthos
but also showed an inverserelation with the param-
etersthat does not have any significant effect on the
macrozoobenthos. Inspite of the factors, the macro-
invertebratediversity a al thethreestesremainsfairly
high, suggesting that thewater qudity of theYamunais
fairly good and supports diverse and well-balanced
meacroinvertebrate communitiesintheriver Yamunaof
the Doon Valley suggesting that the water quality isnot
much affected. Among all the Macroinvertebratesthe
diversity of Ephemeropterawas maximum followed by
Diptera, Coleoptera, Plecoptera, Hemiptera, Odonata
and Tricopterarespectively. From the present study the
total diversity recorded inthe River Yamunain Doon
Valley was good enough to indicate that the physico-
chemica conditionsof river and provideahedthier en-
vironment for thegrowth and surviva of biologica com-
munities, but it doesnot meanthat theriver isfreefrom
pollution and it isimportant to monitor it regularly.

185 40 2.5
v 18 S I = * —4
£ - | z 151
g 175 7 S 20 1 2
£ ' e " T 17
T 17 1 g ¥
= = 10 -
' = 0.5 &
7 ) : = _ R
16.5 £ A
0 0 s y
"l - 5 S1 52 53 S1 52 83
Sites Sirtes Sites
Figurel Figure2 Figure3
0.2 1 w 027 80 -
e c s I 560
- L e . h
'E:; 0-15 .E 0.15 240
z = -.—-I
E 0 1 = :'E. 0.1 i Py E‘ 520
£ é £ s00
= 005 71 E 005 480
2 4
0 o 0 & e
440
S1 s2 S3 : = ,
S1 s2 S3 s1 - <3
Sites Sites Sites
Figure4 Figure5 Figure6

e Snoivonmental Science

Au Tudian Yournal



206

Current Research Poper

Magnesinm mg’1 Total Alkalinity mg/1 TDS mg/l

D.Omg1

Snoivonmental Science
b Dndian ﬂaml

300 - |
250 v’ | \
200 v
150
100
50 -
0
s1 s2 53
Sites
Figure7
200 2 |
150 1
100 +
50 -
0
S1 S2 S3
Sites
Figure 10
40 " \
30 4
20 -
10 -
0
S1 s2 S3
Sites
Figure 13
11.4
11.2 i'd
11 -
10.8 -
10.6 -
10.4
S1 52 S3
Sites
Figure 16

TSS mg/1

Total hardmessing/1

Chlorvide m

BODmgl

Diversity pattern of macrozoobenthos and their relation

ESAIJ, 8(5) 2013

200 |
280 '
27
260 -
250 -
240 -
230
S1 S2 S3
Sites
Figure8
95 i
90 -
85
80
S1 S2 S3
Sites
Figure 11
0w
|
w{’
20 -
10
0
s1 82 s3
Sites
Figure 14
2.8 e ‘
2.7 4
|
2.6
2.5
2.4
S1 52 S3
Sites
Figure 17

=
=

Free CO2 g1 Calcinm mg/1

CODmg1

8.18 < |
$.16 - |
.14 Vv
.12 Vv
8.1 -
§.08 -
5.06
51 52 53
Sites
Figure9
50 7 |
40 'd i
30 -
20 -
10
0
S1 52 S3
Sites
Figure 12
1.7 '/
i
1.6 14
1.5 14
1.4 _/ ‘
1.3 /s
S1 52 S3
Sites
Figure 15
4.95 |

S1 S2 S3
Sites
Figure 18




ESAIJ, 8(5) 2013 Fouza Ishaq et al. 207

—== Qurrent Ressarch Pepser

Ephemeroptera
5 0.8 e R B e '75\ i
El' - <
£ d T 30 »
£ ol i l 5 / a 25 / —+—351
- & 1 - z N
I3 / — = 20
204 - - - 52
= £ g1
2 | Z sy s 10 ——53
m 02 § s
0 g 0
- R S S
1 ’ o o
S1 s2 S3 s1 s2 83 f;‘ \(ﬂ W
Sies Sites G
Figure 19 Figure 20 Figure 21
Diptera _ Coleoptera Hemiptera
T 14 P_'S <
= 5 o E 14 & 18
ERT g o §16 1N
g8 3| ——51 § 10 ——S1 2z 14 ~+—Micronecta
g -5 X $ g T
g ¢ - s B —8— Heleoceris
] 4 —+=S3 3 4 2 eoceris
Z 2 = 2 ——53 g 3
g .| ‘ = . § z ‘d;—n—aum
. L)
Q'\‘? @a&‘ ?‘)& &o& .‘é@ 55\5’ &.“5 ‘3?% do@ g2
ST & & & &9 0
. 4 R
& & & s1 082 83
Figure 22 Figure 23 Figure24
Plecoptera Odonata Tl'i('llO])lﬂ'ﬂ
e o 14 515
s 16 g 2
I NG .
z ——Pala < v =+=Hydrosyche
R £ 10 ——Corixa '3 20
R U T 83 ~8-Glossoma
E 3 4 - —&—Tsoperla % y 4- —8— Agrion 35;
N ] z
s 6 . S R == Hydroptila
g [ | —#— Capnia g 4 I — E Yirap
- ]
= 2 2 2 AH 0
0 0
S1 52 53 S1 S2 53 51 52 53
Figure 25 Figure 26 Figure 27
Figure 28 Figure 29

Note: Figures1-29 showingthegraphical representation of thedata collected from thethreesampling sites (S1, S2and S3);
(1-20, Physico-chemical Parameters, 21-27, M acr ozoobenthosdensity and diver sity; 28-29, Per centage of M acr ozoobenthos

——  Snoivonmental Science
Au Tudian Yournal




208

Current Research Poper

ACKNOWLEDGEMENT

TheDST (Department of Scienceand Technology,
Minigtry of Scienceand Technology New Ddhi) ishighly
acknowledged for thefinancid assstanceintheform of
project under Women Scientist Scheme (WOS-A).

REFERENCES

[1] K.W.Cummins; Structure and function of stream
ecosystems, Bioscience, 24, 631-641 (1974).

[2] K.W.Cummins, RW.Merritt, T.M.Burton; Therole
of aquatic insectsin the processing and cycling of
nutrients, In, V.H.Resh, D.M.Rosenberg, (Eds); The
ecology of aguatic insects, Praeger, New York, 134-
163 (1984).

[3] D.R.Khanna, R.Bhutiani, Gagan Matta, V.Singh,
PTyagi, B.Tyagi, Fouzialshag; Water quality char-
acteristics of River Tons at District-Dehradun,
Uttarakhand (India), Env.Cons.J., 11(1-2), 119-123
(2010).

[4] M.D.Mehdi, F.A.Bhat, A.R.Yousuf; Ecology of
macrozoobenthos in Rambiara Stream, Kashmir
J.Res.Dev., 5, 95-100 (2005).

[5] K.J.Coallier, B.J.F.Smith; Sticky trapping of adult
mayflies, stonefliesand caddisfliesal ongsidethree
contrasting streams near Hamilton, New Zealand,
N.Z.Nat.Sci., 22, 1-9 (1995).

[6] J.M.Quinn, A.B.Cpper, R.J.Davies Colley,
J.C.Rutherford, R.B.Williamson; Land-use effects
on habitat, water quality, periphyton and benthicin-
vertebratesin Waikato, New Zealand, Hill Country
Streams, N.Z.J.Mar.Freshw.Res., 31, 579-598
(1997).

[7] B.Clausen, B.J.F.Biggs; Relationship between
benthic biota and hydrobiological indicesin New
Zealand streams, Freshw.Biol., 38, 327-342 (1997).

[8] B.Clausen, B.J.F.Biggs; Stream flow variability in-
dices for riverine environmental studies, In,
W.H.Kirby, (Ed); A changing environment |.Wiley,
New York, 357-364 (1998).

[9] B.Clausen, B.J.F.Biggs; Flow variablefor ecol ogi-
cal temperate streams, groupings based on covari-
ance, J.Hydrol., (Amsterdam), 237, 184-197
(2000).

[10] K.J.Callier, B.J.Smith, B.R.Baillie; Summer light
catches of adult chiropteran in hill country
catchments of contrasting land use, Walkathon,
N.Z.J.Mar.Freshw.Res., 31, 623-634 (1997).

Diversity pattern of macrozoobenthos and their relation

ESAIJ, 8(5) 2013

[11] K.J.Callier, C.Fowls, I.Hogs, Management, edu-
cation and conservation, In, K.J.Collier,
M.J.Winterbourne, (Eds); New Zealand streamin-
vertebrates: ecology and implicationsfor manage-
ment, The Limnological Society, Christchurch, New
Zealand, 230-250 (2000).

[12] C.JWalsh, A.K.Sharp, PF.Breen, J.A.Sonnerman;
Effects of urbanization on streamsof theMelbourn
region, Victoria, Australia, |.Benthic
macroi nvertebrate communities, Freshw.Biol ., 46,
535-551 (2001).

[13] J.V.Ward, K.Tockner; Biodiversity, towards auni-
fying themefor river ecology, Freshw.Biol., 46(6),
807-819 (2001).

[14] D.Jacobson, S.Rostgaard, J.J.Vasconez; Are
macroinvertebratesin high atitude streams affected
by oxygen deficiency? Freshw.Biol., 48(11), 2025-
2032 (2003).

[15] S.M.Das; Teaching and research in limnology in
India, In, Proceedings of the symposium UGC
NCSE, Bangalore, 67-72 (1971).

[16] R.S.Bisht, S.M.Das; Aquatic entomofaunainrela-
tionto cold water fisheriesof Kumaun lakes, Environ
India, 2, 49-50 (1979a).

[17] R.S.Bisht, S.M.Das; Aquatic entomofaunainrela-
tion to cold water fisheries of Kumaun lakes, In,
Second All IndiaSeminar on Ichthyology, Nainital,
India, 37-38 (1979b).

[18] S.P.Badola; Ecological studieson the lcthyofauna
of some water sources of Garhwal region, Ph.D
Thesis, Department of Zoology, H.N.B.Garhwal
University, Srinagar, 280 (1979).

[19] PS.Mitra, N.C.Nandi; Impact of anthropogenic
activitieson Hoogli estuary with special reference
to the distribution pattern of intertidal
macrozoobenthos, In, A . K.Adityya, PHaldar, (Eds);
Proceedings of the national seminar on environ-
mental biology, DayaPublishing House, New Delhi,
94-101 (1998).

[20] R.C.Sharma; Effects of physicochemical factors
on benthic fauna of Bhagirathi River, Garhwal
Himalaya, Indian J.Ecol., 13, 133-137 (1986).

[21] R.C.Sharma, G.Bhanot, D.Singh; Aquatic macro-
invertebrate diversity in Nanda Devi Biosphere
Reserve, India, Environmentalist, 24, 211-221
(2004).

[22] APHA, Standard methods for the examination of
water and waste water, American Public Health
Assaciation, New York, (1998).

[23] R.K.Trivedi, PK.Goel; Chemical and Biological

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 8(5) 2013

Fouza Ishaq et al.

method for water pollution studies, Karad Environ-
mental Publications, 1-251 (1986).

[24] D.R.Khanna, R.Bhutiani; Water andlysisat aglance,
ASEA Publications, 1-115 (2004).

[25] H.B.Ward, G.C.Whipple; Freshwater Biology, 2nd
Edition, John Wiley and Sons, New York, USA,
(1959).

[26] H.B.Ward, G.C.Whipple; Freshwater biology, 2nd
Eds, Wiley, New York, 1-1248 (1992).

[27] W.T.Edmondson; Freshwater biology, Second
Eds., John Wiley & Sons, Inc., New York, 1248
(1992).

[28] GT.Tonapi; Fresh Water Animals of India, New
Delhi, Oxford and I.B.M.Publishing Company,
(1980).

[29] H.A.Adeniji; Limnological characteristics of man
made lakes in Nigeria, In, The Proceedings of the
National Conference of Two Decades of Research
on Lake Kainji, Nigerian Institute of Freshwater
Fishery Research, 224 -232 (1989).

[30] C.R.Goldman, A.JHorne; Limnology McGraw-Hill,
Internaal Book Company, (1983).

[31] PNautiyal; Studies on the riverine ecol ogy of tor-
rential waters in the uplands of Garhwal region,
Proc., Indian Acad.Sci., (Anim.Sci.), 93, 671-674
(1984).

[32] H.R.Singh, P.Nautiyal, A.K.Dobriyal,
R.C.Pokhriyal, M.Negi, V.Baduni, R.Nautiyal,
K.Agrwal, N.Nautiyal, Preeti, A.Gautum; Water
quality of river Ganga, (Garhwal Himalaya),
Acta.Hydrobiol., 36(1), 3-15 (1994).

[33] S.V.Ganpati; Limnological Studies of two upland
waters in Madras state, Arch.Hydrobial., 56, 30-
61 (1957).

[34] PS.Dubey, G.S.Oberoy, L.S.Shrotriya; River pol-
[utionin Ratlam and Dewas area, J.Hydrobiologia,
11, 12-16 (1986).

209

—== Qurrent Research Peper

[35] R.K.Trivedy; Ecology and Pollutionin India, Ashish
Publ.House, New Delhi, 294 (1988).

[36] A.Gautam; Ecology and pollution of mountain wa-
ters, Ashish Publ.House, New Delhi, 209 (1990).

[37] S.Singh; The lotic water fisheries of Kumaun
Himaayaln, Himal aya Environment Resourcesand
Devel opment, Shree AlmoraBook Depot, Almora,
276-284 (1990).

[38] R.K.Johnson, T.Wiederholm, D.M.Rosenberg;
Freshwater biomonitoring using individual organ-
isms, populations, and species assemblages of
benthic macro-invertebrates, In, D.M.Rosenberg,
V.H.Resh, (Eds); Freshwater biomonitoring and
benthic macro-invertebrate, Chapman & Hall, New
York, 40-158 (1993).

[39] S.S.Pathani, S.Mahar; Studies of population of
plankton in the river Suyal of Uttaranchal, India,
Flora and Fauna, 11(2), 250-256 (2006).

[40] S.S.Pathani; Impact of Changing Aquatic Environ-
ment on the Snow Trout of Kumaun Himalya, FTR,
Ministry of Environment and Forest, New Delhi,
53 (1995).

[41] V.Raina, A.R.Shah, S.R.Ahmed; Pollution studies
ontheriver Jnelum (1) an assessment of water qual-
ity, Indian J.Environ.Hlth., 26(3), 187-210 (1984).

[42] L.E.Holland, C.F.Barran, J.PNewman; Water qual-
ity and rotifer inthe Atchafalayariver basin, Loui-
siana, Hydrabiologia, 78, 55-69 (1983).

[43] V.H.Resh, D.M.Rosenberg; The ecology of aquatic
insects, Praeger, New York, (1984).

[44] J.V.Ward; Aquatic insect ecology, Biology and habi-
tat, Wiley, New York, (1992).

e Snoivonmental Science
A ndian ﬂowumé



