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Abstract

Macrobenthos is the best water quality indicator for ecosystem health assessment. The present study aimed to examine the
interrelationship between macrobenthos and different water quality parameters of the river Alaknanda at Garhwal Himalaya.
Four demarcated sampling zones viz. zone-A (Chamoli to Nandprayag), zone-B (Karanprayag to Rudraprayag), zone-C
(Rudraprayag to Srinagar) and zone-D (Srinagar to Devprayag) were taken from its approximately 170 km long stretch during
2016-2018. River water characteristics were analyzed for the important parameters viz. substratum, water temperature (WT),
water velocity, pH, electrical conductivity (EC), total dissolved solids (TDS), calcium (Ca), and magnesium (Mg) using standard
methods. The results indicated that the river water velocity was the highest 1.02 m/s at zone-C, TDS of 114.19 mgl” was
maximum at zone-A ; and Ca and Mg were recorded highest 23.17 mgl™ and 5.44 mgl™" at zone-A and zone-B, respectively. Al
abiotic parameters (pH, EC, TDS, DO, Ca and Mg) were recorded to be below BIS/WHO limits. A total of 27 macrobenthos taxa
belonging to the five orders such as Coleoptera (6 ind./m?), Diptera (5 ind./m?), Ephemeroptera (8 ind./m?), Hemiptera (4 ind./
m?), and Odonata (4 ind./m?) were recorded. Macrobenthos represented an important relationship between the water current
and water temperature. The lowest number was reported at zone-C due to the river's high water velocity (1.02 m/s). The chang-
es like biota loss, presence of some pollution indicator species (Cloeon sp., Bateis sp., Emphemera sp.) at zone-C, in sediment
structure of habitat were due to the anthropogenic activities on the riverbank of different zones. The study will help in the con-
servation of macrobenthos diversity of the river Alaknanda.

Keywords: Abiotic characteristics, Alaknanda river, Anthropogenic factors, Biotic characteristics, Macrobenthos

INTRODUCTION

Macroinvertebrates are bottom dwellers, act as the best
water quality indicator for a freshwater ecosystem. The
macro-benthos fauna uses as the best bioassessment
measure (Kumar et al., 2017). Benthic aquatic macro-
invertebrates are sensitive indicators of environmental
changes in streams because they express long-term
water and habitat quality changes rather than instanta-
neous conditions (Johnson et al., 2017). Macro-benthos

play an important role in food web. These are the
favourite food for fish and waterfowls. They transfer
energy from trophic level one to trophic level two in the
form of food (Sharma and Rawat, 2009). Macro-
benthos are small aquatic fauna which is quite difficult
to identify. These aquatic organisms are smaller in
size, found in all over the world’s aquatic ecosystem.
Despite the fewer studies on macrobenthos, some spe-
cies are lost due to habitat degradation, a few remain
undiscovered (Singh, 1998). Aquatic biodiversity plays
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an important role in an aquatic ecosystem. The river
water quality changes the species confirmation, abun-
dance, and productivity of biotic components in a water
ecosystem (Mishra et al., 2009).

The variety of aquatic habitats, such as leaf debris, rock
surfaces, backwaters, plant surfaces, sediments,
sands, logs, pebbles, and gravel, are present in the
Garhwal region to aquatic biota. Benthic invertebrates
observations are the best choice for monitoring any
aquatic body (Hellawell, 1977). Aquatic biota copiously
has been studied in Northern River and streams by var-
ious researchers (e.g., Malik et al., 2020; Rana et al.,
2017; Singh et al., 2010; Kumar et al., 1998; Balodi and
Koshal, 2015). Anthropogenic (a direct inlet of waste
into the river, dam constructions, waste disposal etc.)
and natural factors (flash floods, droughts etc.) are re-
sponsible for habitat degradation for aquatic fauna. A
few researchers worked on benthic communities viz. on
macroinvertebrates conservation of two Afrotropical
streams (Arimoro et al.,, 2020), macrobenthos commu-
nities of Ghezel Ozan river in Iran (Aazami et al., 2019),
on biomonitoring index of pollution assessment by us-
ing macroinvertebrates in Tropical African regions
(Elias et al., 2014), on Osumi, Devolli, Shkumbini rivers
in Albania (Duka et al., 2017) and on the biotic index of
macroinvertebrates of Lepenci river in Kosovo (Pajtim
et al., 2019). Some studies accomplished by Indian
scientists are on macroinvertebrates and water quality
assessment of Mahanadi river (Ganguly et al., 2018),
monitoring of benthic macroinvertebrates of Dodi Tal,
Uttarakhand (Singh and Sharma, 2020) and longitudinal

and temporal study of snowmelt stream of Jhelum river
of Kashmir (Sabha et al., 2020), Kamboj and Kamboj,
(2020) studied river mining affected areas of river Gan-
ga at Haridwar. The aim of the present study was to
evaluate the relationship status between physicochemi-
cal water quality characteristics and macrobenthos
(microinvertebrates) of river Alaknanda in a stretch
from Chamoli to Devprayag in Garhwal Himalayan re-
gion of Uttarakhand.

MATERIALS AND METHODS

Study area

Alaknanda river is originating in the state of
Uttarakhand, India, from the confluence of Satopanth
and Bhagirathi kharak glaciers at an elevation of 3880
m. It is one of the mainstream of the Ganges. The
stretch was divided into four sampling zones. Study
sites details are given in Table 1 and the complete
stretch is represented in Fig. 1.

Methodology

The sampling was carried out on a monthly basis from
September 2016- August 2018. Water samples were
collected in sterilized polyethylene bottles in the early
morning and afternoon hours (6:00 am to 02:00 pm).
The physicochemical parameters like water velocity (m/
s), sediment structure (%), water temperature (°C), pH,
dissolved oxygen (DO) (mg/L) were performed on-site
and the parameters like total dissolved solids (TDS)
(mg/L), calcium (Ca) (mg/L) and magnesium (Mg) (mg/
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Fig. 1. Map showing sectional distribution of sampling zones in river Alaknanda
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Table 1. Geological characteristics of sampling sites of river Alaknanda

Sampling Zones Sites Geo-Coordinates Stretch (km)
Chamoli 30°17'37.48"N,79°33'37.24"E

Zone-A 23
Nandprayag 30°19'54"N,79°18'55"E
Karnparyag 30°15'30.85"N,79°13'05.98"E

Zone-B 53
Rudraprayag 30°17'15.05"N,78°358'42.2"E
Dharidevi 30°15'26.1"N,78°52'41"E

Zone-C 32
Srinagar 30°17'04.03"N,79°58'562.42"E
Chauras 30°13'43.2"N,78°47'16"E

Zone-D 47
Devprayag 30°08'21.5"N,78°35'49.2"E

L); and the biological analysis (macro benthos)were
analyzed in the laboratory following the standard proce-
dures of American Public Health Association (2012)
and Edmondson (1957).

Substratum structure was analyzed by visual charac-
terization technique and sediment substances were
identified following the Wentworth scale (Wentworth
1922). Boulders, cobbles, pebbles, gravels and sand
were measured on the basis of their grain diameter,
i.e., 250-600 mm, 65-250 mm, 4-65 mm, 2-4 mm and 0
-2 mm respectively. For the collection of macroinverte-
brates, a manual Surber sampler with a sampling area
of 10x12 inch of the river bed and a bolting silk net with
a mesh size of 500 ym was used, from 1 m deep to
river surface. Macrobenthos species preserved in 10%
formalin solution, were identified by using specific iden-
tification keys of Pennak (1953) and Day (1979). For
data analysis, these abiotic parameters were correlated
with macroinvertebrates. Different biodiversity indices
like Shannon Wiener, Simpson, Evenness, Marglef,
Dominance, Equitability, Fisher-alpha, Berger-parker
and Menhinick were utilized appropriately to examine
dominance, diversity and similarity between the species
were observed in river Alaknanda (Shannon and Wie-
ner 1949; Simpson 1949; Rosenzweig 1995). All these
biotic indices were calculated by Paleontological statis-
tics software (PAST).

RESULTS AND DISCUSSION

In the present study, macroinvertebrates were found
belonging to 5 different Orders - Coleoptera, Diptera,
Ephemeroptera, Hemiptera and Odonata at all zones
during September 2016-Aug 2018. The observed val-
ues of physicochemical parameters analyzed at all
sampling zones are given in Table 2. The total number
of identified macroinvertebrates species (33 ind/m? )
are shown in Table 3.

Substratum features of river

The substratum structure of a river is the principal com-
ponent to provide suitable habitat for macrobenthic
communities. The substrate boulders were recorded
highest 7+8 (%) at zone-A and the lowest value 4+3
(%) was reported at zone-B. Cobbles were measured
maximum 284 (%) at zone-A and minimum 713 (%)
value was noted at zone-D. Pebbles were recorded
highest 355 (%) at zone-A and the lowest value 8+2
(%) was recorded at zone-C. Gravels were measured
maximum 2716 (%) at zone-B, minimum value 61 (%)
was recorded in winter at zone-D. In sampling loca-
tions, sand was measured 2515 (%) at zone-C.

Physicochemical characteristics of river water
Water temperature was recorded in the range of
14.94+3.63 (°C) to 16.4+4.01 (°C), lowest to highest at
zone-A to zone-C, respectively. River water velocity
was maximum 1.02+0.21 (m/s) at zone-C and the mini-
mum water velocity 0.92+0.78 (m/s) was found at zone
-D. The pH was recorded maximum 7.98+0.22 at zone
-A, indicating the alkaline nature of river water suitable
for biotic life. Electric conductivity ranged from
134.914£37.82 (mS/cm) to 178.43+32.52 (mS/cm) at
zone-C to zone-A, total dissolved solids ranged from
70.94+14.98 (mgl™") at Zone A to 114.19£20.81 (mgl™)
at Zone C. Dissolved oxygen varied from 9.30+0.55
(mgl™) to 9.60+0.55 (mgl™"). Calcium concentration was
reported in the range of 20.07+2.89 (mgl™") at zone-C to
23.17+2.82 (mgl™") at zone-A. Magnesium ranged form
4.11+1.58 (mgl™") at zone-C to 5.44+1.78 (mgl™") at
zone-B (Table 2).

Macroinvertebrate diversity of river Alaknanda

In river Alaknanda, five different orders like Coleoptera
(6 ind./m?), Diptera (5 ind./m?), Ephemeroptera (8 ind./
m?), Hemiptera (4 ind./m?) and Odonata (4 ind./m?)
were found at all sites during the study period. The
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Table 2. Physicochemical characteristics of the sampling zones of river Alaknanda during 2016-2018

S.No.  Parameters  p;5\yHQ criteria .
limit Sampling Zones
Zone-A Zone-B Zone-C Zone-D
Boulder (%) - 2718 413 513 114
Cobbles (%) - 2814 18+1 15+4 713
1. Pebbles (%) - 3545 1747 842 11£3
Gravel (%) - 15+4 2746 1843 6+1
Sand (%) - 842 1043 2545 62
2. WT (OC) - 14.94+3.63 16.4+4.01 17.34+4.16 17.1214.25
3. Velocity (m/s) 0.981£0.17 0.96+1.10 1.02+0.21 0.92+0.78
4, pH 6.5-8.5 7.9810.22 7.98+0.14 7.9210.15 7.97+0.17
5. EC (mS/cm) <1000 uS/cm 178.43+32.52 163.27+38.08 134.91+£37.82 157.79+31.16
6. TDS (mg/L) < 500 mg/L 114.19+20.81 104.49+24.37 70.94+14.98 100.98+19.94
7. D.O. (mg/L) =5 mg/L 9.60+0.55 9.60+£0.55 9.304£0.55 9.32+0.51
8. Ca (mg/L) <75 mg/L 23.17+2.82 22.74+2.35 20.07+2.89 22.29+1.99
9. Mg (mg/L) <30 mg/L 5.30+1.96 5.44+1.78 4.11+1.58 4.63+1.64

*WT water temperature, EC electrical conductivity, TDS total dissolved solids, D.O. dissolved oxygen, Ca calcium, Mg magnesium ,

Mean values are of 24 observations

total number of macroinvertebrates counted are given
in Table 3. Coleoptera was comprised of 6 genera-
Agabinus sp., Amphizoa sp., Hydaticus sp., Dineutus
sp., Limnius sp. and Gyrinidae sp. The maximum num-
ber of Dineutus sp. was counted 38 ind./m? at zone-A
among all other species. Diptera comprised of 5 gene-
ra- Antocha sp., Chironomus sp., Culex sp., Simulium
sp. and Phychoda sp. Antocha sp. was noted domi-
nant at zone-B of the river. Ephemeroptera was found
as a dominant group in this community. Ephemeroptera
comprised of different 8 genera viz. Baetis sp., Cloeon
sp., Emphemera sp., Ephemerella sp., Siphlonurus sp.,
Hydroptila sp., Heptagenia sp. and Leptophlebia sp. on
all study zones. Hemiptera comprised 4 different gene-
ra: Gerris sp., Corexia sp., Hesperocorixa sp. and
Aphelocheiridae sp. Gerris sp. was a maximum of 37
ind./m? at zone-B. Odonta comprised of 4 different
texa, namely Agrion sp., Hegenius sp., Ischnura sp.
and Gomphidae sp., at sampling locations.
Relationship between macroinvertebrates and
environmental variables

Water quality and substratum structure are very im-
portant for the benthic fauna community to sustain life
in a water body. According to Allan and Castillo (2007),
the river water level and flow are responsible for trans-
ferring nutrients in an ecosystem process. Benthic ma-
croinvertebrates are disturbed by various anthropogen-
ic activities. A few researchers have worked on the re-
lationship status between abiotic and macroinverte-
brates of a headwater stream in urban and rural water-

sheds of Maryland (Smith and Lamp, 2008); (Koshal et
al., 2017); (Burger et al., 2019); (Labuce et al., 2020)
and (Ishag and Khan, 2013). Silveira et al. (2006) noted
riffles as the favourable substrate to macrobenthos in
Macae Brazilian river. Belagali (2007) reported Coleop-
tera and Ephemeroptera species as pollution indicators
in Mysore city lakes. A total number of 30 macroben-
thos species have been reported by Jindal et al. (2020)
in the Binwa Western Himalaya hill stream. Pad-
manabha. In present study, a total number of 27 macro-
benthos communities belonging to 5 orders were rec-
orded in the study zone of Alaknanda river. The two
orders- Coleoptera and Ephemeroptera showed domi-
nance in the river. Some previous studies showed the
decline of water quality due to anthropogenic activities
such as the discharge of sewage water (Aswal et al.,
2016) and other activities such as tourism (Semwal and
Mishra, 2019). However, in selected zones of the pre-
sent study, the lowest number of macrobenthos was
noted at zone-C of the river. It may be due to the more
water temperature (17.34+4.16 °C) and the maximum
sand percentage (255 %) that interfered with the num-
ber of the biotic community. At this zone of the river, an
increasing rate of water temperature was also observed
due to the electricity generation of the Srinagar hydro-
power dam that enhanced the water flow temperature in
river water. The vast amount of water and its flow en-
hanced sedimentation as a major sandy habitat at this
place. Though all physicochemical parameters of river
water were under desirable limits of BIS/WHO, the spe-
cies of Ephemeroptera were found in the dominant
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Table 3. Mean values of macrobenthos in different zones of river Alaknanda during 2016-2018

S. No. Species (Ind/m?) Zone A Zone B Zone C Zone D
Coleoptera AvgtS.D. AvgtS.D. AvgtS.D. AvgtS.D.
1. Agabinus sp. 2919 19+15.29 1714 24121
2. Amphizoa sp. 33+25 2523 19118 27+29
3. Hydaticus sp. 29+17 28+27 17116 23128
4. Dineutus sp. 38430 34133 13+10 28126
5. Limnius sp. 18+14 23120 9+7 12+10
6. Gyrinidae sp. 14+10 1043 412 613
Diptera
1. Antocha sp. 43+25 47+35 2321 28122
2. Chironomus sp. 27116 23+11 1117 16+14
3. Culex sp. 18+14 14+13 816 107
4. Simulium sp. 3228 36+30 18117 24+20
5. Phychoda sp. 24+19 29427 14412 21116
Ephemeroptera
1. Baetis sp. 66173 73147 44141 44140
2. Cloeon sp. 5045 55+62 23+19 27+32
3. Emphemera sp. 51162 51+48 28+30 34129
4. Ephemerella sp. 42+50 51+50 23+21 29+27
5. Siphlonurus sp. 30127 35129 17127 23120
6. Hydroptila sp. 39441 24118 1714 30428
7. Heptagenia sp. 31129 22420 917 1318
8. Leptophlebia sp. 1418 19+15 21119 74
Hemiptera
1. Gerris sp. 33125 37+33 25422 21+19
2. Corexia sp. 1247 1513 716 914
3. Hesperocorixa sp. 21115 19+11 915 1319
4 Aphelocheiridae sp. 1245 189 19122 815
Odonata
1. Agrion sp. 16+10 22112 11+9 9+3
2. Hegenius sp. 3022 26+25 18117 17413
3. Ischnura sp. 19127 23+22 916 5
4. Gomphidae sp 1419 19117 25422 75

*Zone A-Chamoli to Nanadprayag, Zone B- Karanprayag to Rudraprayag, Zone C- Dharidevi to Srinagar,Zone D- Chauras to

Devprayag ; Mean values are of 24 observations

number at zone-C with some pollution indicator spe-
cies (Cloeon sp., Emphemera sp. and Bateis sp.). The
slight river water pollution was due to direct inlet of
waste and human interference such as clothes wash-
ing, bathing, and construction activities on river bank
stretches.

Biodiversity indices status of river Alaknanda

Variation in different biodiversity indices of macroinver-
tebrates in different regions based on the availability of
essential resources for the biota in their habitat is given
in Table 4. The values of the Dominance index were
found to be highest 0.0382 at zone-D and lowest

0.0370 at zone-C. The values of Shannon index were
observed as highest 3.3890 at zone-C and lowest
3.3700 recorded at zone-D. Kumari and Maiti, (2020)
also found Shannon’s value in the range of 2.46-3.15,
and Simpson’s value of 0.86-0.95 was for macroinver-
tebrates in Jamshedpur city microalgal freshwater bod-
ies. Matin et al. (2018) and Hossain et al. (2013) ob-
served Shannon index values ranging from a minimum
of 2.24 to a maximum of 2.97. In the present study, the
evenness value was observed highest to be 0.8979 at
zone-C, and the lowest value of 0.8809 was found at
zone-D. The values of Brillouin index were lowest as
3.2490 at zone-D, and the highest 3.3000 was at zone-
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Table 4. Variations in diversity indices of macrobenthos in different zones of river Alaknanda during 2016-2018

Biodiversity indices Zone A Zone B Zone C Zone D
Taxa_S 33.000 33.000 33.000 33.000
Individuals 890.00 910.00 565.00 598.00
Dominance_D 0.0376 0.0379 0.0370 0.0382
Simpson_1-D 0.9624 0.9621 0.9630 0.9618
Shannon_H 3.3820 3.3870 3.3890 3.3700
Evenness_eH/S 0.8915 0.8966 0.8979 0.8809
Brillouin 3.2930 3.3000 3.2630 3.2490
Menhinick 1.1060 1.0940 1.3880 1.3490
Margalef 4.7120 4.6970 5.0500 5.0050
Equitability_J 0.9672 0.9688 0.9692 0.9637
Fisher_alpha 6.7490 6.7110 7.6460 7.5190
Berger-Parker 0.0742 0.0802 0.0779 0.0736

*Zone A-Chamoli to Nanadprayag, Zone B- Karanprayag to Rudraprayag, Zone C- Dharidevi to Srinagar,Zone D- Chauras to

Devprayag

B. The largest value of 1.3880 Menhinick index was
noted at zone-C, and the smallest 1.0940 was ob-
served at zone-B. Margalef index was highest 5.0500
at zone-C, and the smallest values were recorded as
4.6970 at zone-B. Fisher alpha index values were
6.7490 at zone-A, 6.7110 at zone-B, 7.6460 at zone-C
and 7.5190 at zone-D. Higher 0.0802 Berger-Parker
index was reported at zone-B, and the lowest 0.0736
was found at zone-D during two years of study. The
biodiversity indices values showed good to medium
diversity at all sampling sites. The anthropogenic activi-
ties like the construction of steps leading down to the
river at zone-A, B and D, electricity generation by hy-
dropower plant at zone-C; and road widening and tour-
ism activities at all the zones interrupted the substrate
structure of the aquatic habitat resulting in the variation
of biodiversity with a biota loss at zone-C of the river.

Conclusion

The present study observed that all the nine water
quality parameters viz. substratum, water temperature,
water velocity, pH, electrical conductivity, total dis-
solved solids, dissolved oxygen, Ca and Mg of the
sampling zones at the river Alaknanda were under the
permissible limit of BIS/WHO. The most favourable
substrata to macrobenthos were pebbles and gravels at
zone-A, B, C, and D that supported their good diversity
in the river water. The number of macrobenthos at dif-
ferent river zones was in the order of zone-B> zone-
A>zone-D> zone-C. The macrobenthic community was
lowest in number at zone-C due to the Srinagar-
Garhwal hydropower project's interference of natural
river flow. The maximum water velocity was at this

zone which disturbed the habitat. Though the biodiver-
sity indices values showed good to medium diversity at
all sampling sites, anthropogenic activities resulted in
the variation of biodiversity at different zones with a
biota loss at zone-C of the river Alaknanda.
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