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Abstract
Benthic macroinvertebrates are an indispensable part of aquatic ecosystems. They are used repetitively
for evaluation of aquatic health since the emergence of the industrial revolution. Several studies show
that their presence and absence are an indicators of aquatic health. In our study at the Amrit Ganga river,
four sampling stations (consisting of sampling points each) were selected for the collection of aquatic
macroinvertebrates. A total of n= 465 individuals were collected during the sampling period in which
Trichoptera and Diptera appeared as dominant orders. According to functional feeding groups, the
presence of filters and scrapers was higher than that of detritivore, and the presence of predators was
lowest. Based on the presence of sensitive orders,%EPT (Ephemeroptera, Plecoptera, and Trichoptera)
was calculated, and the maximum value calculated was 74.5% in (site 2) and the minimum value was
21% in (site 4). We also quantified the Water Quality Index approach which is based on physicochemical
properties of water and the minimum and maximum values of WQI (Water Quality Index) varies from
33.94 in Site 2 to 48.61 in Site 4, indicating "excellent" (WQI<50) water quality in all the sites. This
study serves as a baseline data for water quality monitoring programs and management and also to
quantify the macroinvertebrates assemblage.
Keywords: Amrit Ganga, macroinvertebrates, water quality index (WQI), biotic index (BI)

1. Introduction
Water is an essential abiotic component which is indispensable for humans as well as aquatic
ecosystems. All the life on earth has its origin from it, and it holds a significant component in
their life cycle. Generally, water health is discussed mainly on two matrices (1) Water Quality
Index (WQI), which is an evaluation of its potability based physicochemical characteristics,
and (2) Biotic Index (BI) based on evaluating water quality by indicator species. It can be
categorized as biotic and abiotic method. Due to the increasing human intervention of aquatic
ecosystems, pollution studies mainly focused on the potability of water for human
consumption, and the sensitivity of the aquatic ecosystem is ignored repetitively. The
definition of clean water varies ecologically and for human society (Boulton, 1999) [8].
Incorporating ecological integrity, along with the societal values of clean drinking water, may
not include the ecological health of the river comprising of living organisms (Meyer, 1997) [26].
Generally, humans value rivers and streams as a source of drinking, washing, industrial,
agricultural, recreational, and aesthetic use, but the ecological factors are usually missed out. It
is evident from the permissible limits and standard set up by the government organizations all
over the world, which mainly focuses on the potability of water rather than ecological
integrity. A U.S-based national foundation (NSF) 1965 has developed the Index based method
comprising of physical, chemical, and biological measures. The concept of the Water Quality
Index (WQI) takes into account physicochemical parameters (i.e. water chemistry), whereas
the Biotic index deals with the presence and absence of macroinvertebrates. A holistic study of
considering BI and WQI has been incorporated in an interesting study by Meridionale River
Italy and the study suggests an integrative approach of WQI and BI for measuring river health.
(Bonanno et al. 2010).
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A study was done by Rana et al. 2015 in Budhigandaki river
Nepal applied the biotic index as well as WQI for assessing
the water quality for drinking purposes. Sharifinia et al., 2016
studied Shahrood river employing both WQI as well as BI for
evaluating the water quality and suggested using Biotic Index
for evaluating stream health. Using the biotic index is vital as
the biota is affected by the environmental changes over time,
whereas the physicochemical analysis only provides the realtime status of the environment at the moment of sampling.
(Wiederholm,1980 and Rosenberg and Resh 1993) [47, 36]. The
feasibility of the biotic Index via macroinvertebrates is
comparatively cost-efficient than that of the WQI method
(Chowdhury et al., 2016) [10]. Macroinvertebrates act as a
continuous indicator of water health as they reflect the
physical and chemical pollution and physical change is habitat
over a long period (Rosenberg and Resh 1993) [36]. The
diversity of sensitive taxa or intolerant taxa is higher in
undisturbed sections of the river as compared to the disturbed
sections, however, to obtain the complete spectrum of water
health, the inclusion of WQI is essential (Ghani et al. 2018)
[11]
. River substrate, river discharge, river riparian, and river
canopy are also the contributing factor for the river water
quality besides WQI (Eh Rak et al. 2017) [15]. The WQI
method proved to be efficient when done temporally as
compared partially because of high mobility and rapid
exchange of nutrients (Wu et al. 2017) [50]. Studies based on

WQI and BI in selected sites of East Java indicated similar
results when analysed for drinking purposes. (Wimbaningrum
et al. 2016) [48]. Although, WQI, which is solely based on
physical and chemical parameters is used widely for water
quality assessment but its correlation with BI is less studied.
(Wu et al., 2019) [51]. Hence, it becomes necessary to
highlight their performance. Several studies show the status of
water quality of high altitude rivers, glacier-fed lakes, and
streams based on WQI and BI in different parts of the Indian
Himalayan region. (Mishra et al. 2013; Nautiyal et al. 2015;
Seth et al. 2016; Sharma et al. 2017; Nautiyal et al. 2018 and
Ross et al. 2019) [27, 29, 38, 39, 30 37]. According to Kumar et al.
2019 [32] assessing the water quality of high altitude lake is
essential so that trekkers, sages, and wildlife can consume it.
Himalayan rivers are a source of clean drinking water for the
majority of Indian states, are less studied due to poor
connectivity and harsh terrain. Analysing the above factors,
we selected Amrit Ganga river, one of the glacier-fed rivers of
Uttarakhand Himalayas as our study area with the objective a)
To quantify the distribution of benthic macroinvertebrates in
Amrit Ganga and b) to analyse water quality index (WQI) and
biotic Index (BI) of Amrit Ganga River for its suitability to
human consumption as well as ecological integrity.
2. Study Area

Fig 1: Map of the study area

Amritganga river flows across the Mandal valley of the
Chamoli district of Uttarakhand and is one of the glacier-fed
rivers of the Alaknanda river. It originates from glaciers
above Rudranath, which is a part of Kedarnath Wildlife
Sanctuary and is surrounded by mixed forest which is
dominated by Quercus spp. and Rhododendron spp. and
furthermore, passes by Atri muni cave (one of the essential
Hindu shrine) and drains into Balkhila river in Mandal Valley.
The length of the Amrit Ganga River from its origin to the
Balkhila confluence is approximately 10 km. Because of its
religious and aesthetic importance, several tourists and
pilgrims visit here during pilgrimage season (MaySeptember). The substratum of the river is dominated by the
cobbled and boulders which imparts the presence of riffles in

the stream.
3. Methods
3.1 Calculation of % EPT Index
EPT index is calculated by adding values of Order
Ephemeroptera, Plecoptera and Trichoptera and dividing it to
the total number of individuals found in the respective site.
% EPT = (Total number of EPT / Total number
individuals) *100

of

3.2 Physico chemical analysis
Total of eight parameters were taken for physicochemical
analysis (Dissolved Oxygen, TDS, alkalinity, sodium,
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potassium, nitrate, total hardness and temperature). Water
samples were collected by using the grab sampling technique.
Total n=16 samples were collected from each sampling site
where each site consists of 4 samples. These samples were
analysed using the standard protocol of APHA (2005) [3]
(Table 1)
Table 1: Water quality parameter and the Instrument/Method used
Water Quality test
Instrument/Method
Total hardness
Alkalinity
Potassium
Sodium
Nitrate
TDS
Temperature

the Indian drinking water standard for each chemical
parameter in mg/L.
For computing WQI, the sub index (SI) is first determined for
each chemical parameter, as given below003A
SIi = Wi × qi
WQI = ∑ SIi-n

Instrument/Method
Titrimetric method (Wrinkler method)
Titrimitric method (complexometric)
Titrimetric method
Flame photometer
Flame photometer
Spectophotometer
TDS meter
Thermometer

Where SIi is the sub-index of ith parameter, Wi is relative
weight of ith parameter; qi is the rating based on concentration
of the ith parameter and n is the number of chemical
parameters. The WQI values are classified into five
categories:
Table 2: WQI values

3.3 Calculation of Water Quality Index
The WQI was calculated using three steps as per Batabyal et
al. 2015 [4] First, the selected parameters of physicochemical
analysis were assigned a weight (wi) according to their
relative importance considering the drinking purpose, (TDS,
Dissolved oxygen, total hardness, Alkalinity, Nitrate, Sodium,
Potassium) according to its relative importance in the overall
quality of water for drinking purposes. These weights were
assigned between 1 and 5 based on their relative significance
in the water quality evaluation. Second, the relative weight
(Wi) of the chemical parameter was computed using the
following equation:
Wi = wi /
Where, Wi is the relative weight, wi is the weight of each
parameter and n is the number of parameters.
2) In the third step, a quality rating scale (qi) for each
parameter is assigned by dividing its concentration in each
water sample by its respective standard according to guideline
(BIS,1991), and the result is multiplied by 100:
qi = (Ci / Si )100
Where, qi is the quality rating, Ci is the concentration of each
chemical parameter in each water sample in mg/L, and S i is

Range
<50
50-100
100-200
200-300
>300

Water Quality
Excellent water
Good Water
Poor water
Very poor water
Water unsuitable for drinking

4. Results and Discussion
A total of n=465 individuals were identified during the
sampling period consisting of 6 orders from 4 sampling sites
of the Amritganga river. Orders were further identified up to
the family level. The dominant orders in the river Amritganga
were Trichoptera (n=204), Ephemeroptera (n=141) and
Diptera (n= 108) whereas other orders comprise of Coleoptera
(n=10), Megaloptera(n=1), Plecoptera (n=1) respectively.
According to the Functional Feeding Group (FFG)
classification, the dominant FFG was filterers & shredders,
followed by collectors-gatherers. Collector filterers are the
peculiar feature of the Order Trichoptera in which the food
particles are captured from the water column by
the construction of the net (Ramirez et al. 2014). The least
common FFG was the predator and its role is to capture the
prey to control the population of the benthic fauna
(Oberndorfer, Mc Arthur & Barnes, 1984; Cooper, Walde &
Peckarsky, 1990) [31, 11]. The abundance of filterers and
shredders also indicate high litter content nearby the banks of
Amritganga due to riparian vegetation, as shown in Fig 2.

Fig 2: Overall Composition of aquatic macroinvertebrates
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Table 3: Presence and absence of common orders and families of Amrit Ganga
Order
Ephemeroptera

Diptera

Trichoptera
Plecoptera
Coleoptera
Megaloptera

Family
Baetidae
Ephemerellidae
Heptageniidae
Athericidae
Chironomidae
Simulidae
Tipulidae
Hydropsychidae
Other caddisflies
Perlidae
Hydrophilidae
Corydiladae

Site 1
+
+
+
+
+
+
+
+
+
-

Site 2
+
+
+
+
+
+
+
+
-

Site 3
+
+
+
+
+
+
+
+
-

Site 4
+
+
+
+
+
+
+
+
+
+

Fig 3: Composition of aquatic macroinvertebrates in selected sites of Amrit Ganga river

The most frequently found aquatic macroinvertebrates were
of the Order Ephemeroptera, Trichoptera, and Diptera. Order
Trichoptera showed a high percentage composition, 47% (site
1), 54% (site 2) and 65% (site 3) (Fig 3). Similar results with
the high annual composition of Trichoptera (38%) followed
by Ephemeroptera (32%) was observed by (Sharma et al.,
2008) [40] while surveying the aquatic insect diversity in
Chandrabhaga river of Garhwal Himalaya. They suggested
that the distribution and abundance of aquatic ecosystems are

affected by the velocity of water, water temperature, depth,
and substrate composition. The bottom substrate may be one
of the important reasons affecting the diversity of
macroinvertebrates. Boulders, Cobbles, and Pebbles dominate
the river Amritganga river. Bottom substrate types such as
leaves, wood, gravel, macrophyte support large diversity than
the other substrate like bedrock & sand (Angradi 1996,
Hawkins 1984) [2]. Temperature variation might be another
reason affecting the macroinvertebrate species life cycle
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(Soulsby et al., 2001) [44]. It is a well-established fact that
many insect species have seasonal life cycles and it results in
ﬂuctuations in the numbers of certain groups of
macroinvertebrates occurring in samples taken from the
streambed at diﬀerent times of the year (Hynes, 1972) [22].
showed that autumn is a period of egg hatching, and for many
species, it is a period of multiplication or often of maximum
numbers, including many small individuals. Similarly, in
lowland headwater streams of the Alaﬁa River, Cowell et al.
(2004) [12] also found the highest abundance in autumn. We
also observed that the riparian vegetation during the first
sampling (March 1, 2019) was less as compared to another
sampling period, which might result in less saprobic during
the winters. Several studies have shown that seasonal
abundance of food may strongly inﬂuence the life cycles of
the stream community (Ross, 1963; Cummins, 1977; Moore
1977; Townsend & Hildrew, 1979) [37, 13, 38, 46]. However, more
sampling effort is required for a robust explanation of it.
4.1 Analysis of results%EPT
We analyzed the presence of pollution sensitive taxa namely
Mayfly (Order Ephemeroptera), Stonefly (Plecoptera), and
Caddisfly (Trichoptera) and upstream and downstream of the
Amrit Ganga river by% EPT indices. During the 1st sampling

period (1 March) the highest value of EPT was 72% (Site 1)
and the lowest value observed was 30.8% (site 2). In the 2nd
sampling period (March 15) the highest value of EPT was
56.5% (Site 1) whereas the lowest value was 21.6% (Site 4).
On April 1(3rd sampling period) the highest and the lowest
value of EPT obtained was 74.5% (Site 2) and 38.5% (Site 3)
respectively. On the last sampling, the (April 15) the highest
value of EPT was 60.9% (Site 3) whereas the lowest value
observed was 21% (site 4) as represented in the graph.
Aquatic macroinvertebrates are influenced by the land use and
their composition varies according. Our results are consistent
with several studies all around the world. According to
Bouchelouche and Saal 2020, the values of% EPT changed in
the lower stream of the river Kebir-Rhumel catchment area
(northeast Algeria) where the anthropogenic stress was
higher. However, the physicochemical attributes and WQI
remained intact. Song et al. indicated that the decrease in EPT
taxon is due to the changes in the quality of water due to
human intervention in the basin of the Garonne River in
southern France. Suhaila and Che Shalmah (2017) [45] in their
study in rivers of Gunung Jerai Forest Reserve (GJFR) in the
north of peninsular Malaysia also showed that EPT taxa get
affected by the changes in water parameters.

Fig 4: Values of%EPT during the sampling season

4.2 Analysis of physicochemical parameters of water
All 8 physicochemical parameters were analyzed in the
laboratory by standard protocol. Dissolved oxygen is related
to the concentration of oxygen in the water, and it is essential
to support aquatic life thriving on it. (Hussain et al. 2011) [21].
Dissolved oxygen varies from 7.655 (site 1) – 7.7 mg/l (site 4)
in Amrit Ganga River, which was under the permissible limits
(5 mg/L) as recommended by Central Pollution Control Board
(CPCB). The hardness of water is mainly due to the calcium
and magnesium ions, which is expressed in terms of
equivalent CaCo3 (Das et al. 1996) [14]. Total hardness ranges
from 160.095 (site 4) to 206.59 (site 1). The values of sodium
vary from 1.17 ppm (site 2) to 1.5975 (site 4). According to
the World Health Organization, potassium is an essential
element present in animal and plant tissue, and a low level of
potassium does not cause any health concerns. In the Amrit
Ganga river, values of potassium ranged from 1.02 (site 2) to
1.11 (site 1) ppm, which is in the permissible limit of WHO (8
mg/L). Nitrate occurs in the anionic form in water bodies and
is an essential indicator of organic pollution (Seth et al. 2016)
[38]
. However, in the Amrit Ganga river, nitrate concentration
ranged from 0.105 (site 4) to 0.12 (site 1) ppm. Alkalinity in
water depicts the number of carbonates, bicarbonates, and
hydroxyl ions, and it can neutralize the acid (Bora et al. 2017)
[5]
. Alkalinity varies from 33.75 (site 1 and site 4) to 41.25

(site 2) and the permissible limits as prescribed by BIS (120
mg/L). The concentration of TDS is the total dissolved solids
varies from 20 (site 3) - 20.5 (site 1). According to BIS, the
prescribed values of TDS is 500 mg/L (Bora et al. 2017) [5].
The sampling duration of our study was during the winter
season, and due to the elevation gradient of the sampling
locations, water temperature ranges from 11.5 (site 1) to 12.5
(site 4). Air temperature affects the temperature of water
bodies, and fluctuation in temperature is associated with the
chemical and biological reactions necessary for the survival of
aquatic ecosystems. (Hefni et al. 2015) [20] All the parameters
analyzed were within the permissible limit of BIS, WHO and
CPCB).
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Table 4: Summary statistics of water quality parameters at Amrit
ganga river
Parameters
DO(Mg/L)
Total hardness
Sodium(ppm)
Potassium(ppm)
Nitrate(ppm)
Alkalinity(ppm)
TDS(ppm)
Temperature

Min
5.2
44.66
0.73
1
0.049
20
18
10

Max
7.8
297.79
2.22
1.33
0.193
50
25
14.7

Mean
6.5±0.77
182.85±59.43
1.43±0.42
1.096±0.109
0.11±0.0518
36.56±8,891
20.31±2.386
11.98±1.606
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4.3 Evaluating Water Quality
The overall analysis of water quality shows that all the values
of WQI were in the "excellent" category (WQI<50) and
suitable for drinking purposes. The highest value of WQI is
48.61 in site 4 during the first sampling, and the lowest value
was 33.94 in site 2 in the same sampling period. However, in
the other sampling period and sites, the values of WQI are

almost identical. These results are similar to the study held in
river Ravi, located in Madhopur district of Punjab (Kumar et
al. 2009) [23]. As it is the preliminary analysis and earlier
studies are not available, further research is recommended.
The integration of different parameters into a single unit
makes the interpretation easier. (Bordalo et al.) [7].

Fig 5. Values of Water Quality Index during the sampling season
5. Conclusion
The present study indicates the composition of
macroinvertebrates orders of the Amritganga river and is
helpful for future research as no study has been conducted
earlier in it. Results of the%EPT index show that the water
quality has slightly deteriorated in the lower stream of the
river. Downstream of the river consists of the village
population which influences the composition of benthic
fauna; as a result, affecting the water quality of this pristine
river. However, the WQI of the river shows "excellent" water
quality upstream as well as downstream. So, it can be
concluded that the water quality of the river is excellent for
human consumption, but from the ecological point of view,
the downstream sites are being affected by human activities.
Thus, it still needs management to prevent future impairment.
Further scientific study is recommended in this river for a
more precise explanation
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