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ABSTRACT

The relationships between the macroinvertebrate communities and environmental attributes are essential to understand
the ecological dynamics of stream ecosystems. The present study was carried out to have an insight into the water quality
and macroinvertebrate dynamics of Aripal stream in the Tral area of the Kashmir Himalayan region. Five sites falling within
the Aripal watershed were analyzed for macroinvertebrate communities and water quality during 2018. The study revealed
that the Water Quality Index (WQI) of the stream was falling under excellent category and the stream was suitable for
drinking and other desired uses. A total of 27 taxa of macroinvertebrate community were obtained and identified belonging
to three phyla namely Mollusca, Annelida and Arthropoda which spread over 8 orders and 4 classes from the Aripal during
the period of investigation. Arthropoda was found to be the most dominant phylum followed by Annelida and Mollusca.
Hindu-Kush Himalayan index (HKH) revealed high to good water quality while as Saprobic index depicted slight to moderate
pollution throughout the stream stretch. The non-metric multidimensional scaling (nMDS) depicted that sites based on
macroinvertebrate assemblages were significantly different from each other. Distance based redundancy analysis showed
that physico-chemical parameters have a prominent influence on the distributional pattern of macroinvertebrate
communities. Principal component analysis (PCA) on the basis of water quality parameters revealed maximum variance of
91 % from Principal Component (PC) 1.
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INTRODUCTION (Kim et al., 2019, Mishra et al., 2020), climate
change (Chen, 2011, Carr et al, 2019),

Freshwater ecosystems harbor high levels of urbanization (Zhang et al., 2018) and intensive

biodiversity and support important ecosystem agriculture (Chen and He, 2014). Globally more

services (Luo et al,, 2018; Song et al., 2018), yet than two thirds of river and stream ecosystems

these ecosystems are currently being altered and are highly impacted by human interference
stressed by various anthropogenic activities
(Flitcroft et al., 2019; Reid and Tippler, 2019).

With the onset of Anthropocene, global economy

(Giller, 2005). Human interferences that induce
drastic changes in riverine ecosystems include
altering hydrological conditions (Zhao and Yang,
2009), habitat attributes (Maddock, 1999) and
increasing pollution load (Pinto et al., 2013). For

increased 30-folds and the human population
exceeding 7.6 billion (Steffen et al., 2015),
anthropogenic activities have degraded the

the global sustainability of stream water

quality of freshwater and depleted its resources ecosystems, it thus becomes imperative to adopt

from finite to limited quantity. These ecologically sound conservation and management

anthropogenic activities include industrialization practices (Sofi et al., 2020).
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Monitoring water quality is essential not only to
assess the impacts of pollution but also to ensure
better management of water resources and
protecting aquatic life. In terms of evaluating the
health status of a river ecosystem, aquatic
organisms are used for ecological assessment of
stream and river ecosystems in many parts of the
world particularly, North America (Barbour et al.,
1999; Weigel et al, 2002; Lento et al., 2020),
South America (Silveira et al., 2005; Baptista et
al., 2007; Moya et al., 2007; Zardo et al., 2020),
Europe (Sarremejane et al., 2020), and South
Africa (Ollis et al., 2006; Dube, 2020; Elias, 2020).
Macroinvertebrates show a wide variation of
response to changing environmental conditions
and have been widely used to evaluate the water
quality and health of aquatic ecosystems (Singh
2020).

pollution

and Sharma Macroinvertebrates
affected by habitat
hydrological conditions, hence are appropriate

are
load, and
indicators of ecosystem health (Johnson and
Ringler, 2014; Arman et al., 2019). From the past
many years, species-based diversity indices such
as taxon richness, evenness and relative
abundance have been widely used as indicators
of  anthropogenic  disturbances, including
urbanization (Mackintosh et al., 2015), pesticide
contamination (Berenzen et al., 2005) and habitat
fragmentation 2010).

Macroinvertebrate habitats are relatively fixed,

(Krauss et al.,
making their communities more vulnerable but
in assessing water quality
2016).

macroinvertebrates can be used as bioindicators

equally valuable

(Kimmel and Argent, Hence

to obtain valuable information regarding wide

range of impact of various anthropogenic

pressures and environmental factors.
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Himalayas - considered as “water tower for Asia”
(Immerzeel et al., 2010), collectively serve 47% of
the global populations water demand (Pomeranz,
2013). In Asia, stream and river assessment with
benthic invertebrates as indicators is still in its
infancy (Stubauer et al., 2010; Ofenbock et al.,
2010; Barbour and Paul, 2010). Despite the fact
that the Himalayas are home to a remarkable
riverine biodiversity in addition to endemic and
endangered species, still less attention has been
paid towards it by the scientific community
(Dudgeon et al., 2006; Li et al., 2012; Sabha et al.,
2020). For instance, streams of Indian Himalayans
have biodiversity of global importance (Ormerod
et al., 1994; Nautiyal et al, 2004), however,
studies on benthic macroinvertebrate have been
restricted mostly to small patches of streams
(Badola and Singh, 1981; Negi and Singh, 1990;
Gusain, 1994; Nautiyal et al, 1996; Julka et al,
1999). Similarly, in the Kashmir Himalayas limited
scholarly work has been carried with emphasis on
the benthic
macroinvertebrates (Engblom and Lingdell, 1999;
Mahdi et al., 2005; Bhat and Pandit, 2006; Rashid
and Pandit, 2008; Bhat and Pandit, 2009; Bhat et
al., 2011; Habib and Yousuf, 2012; Parey and
Saina, 2012; Bhat et al, 2014; Pandher and
Chandra, 2019; Sheikh and Parey, 2019; Sabha et
al., 2020). To address this research gap, we

spatio-seasonal  structure of

carried out this work in Aripal stream of Tral sub-
division which provides drinking water to about
1,101,96 persons
irrigation for agriculture and related activities.

and is a major source of

The major objectives of this study were 1)
Exploration of macroinvertebrate composition
and variation through the stream stretch. 2)
Exploration of environmental variables influence
on the benthic macroinvertebrate composition
throughout the stream stretch.
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STUDY AREA

Tral town is a sub-district in Pulwama district of
Jammu and Kashmir, situated 11 km from NH1
Awantipora. Tral is located at 33.93°N and 75.1°E
and has an elevation of 1662 m amsl. The place is
having an average area of about 110 km” The
stream under study is located in Aripal watershed
and is the lone source of drinking water and

ISSN 0973-7502

originates in the northern ridge of greater
The Aripal

its waters from Laam nallah and

Himalaya (4000m amsl). stream
receives
Khangund spring and finally it meets with river
Jhelum near Chursoo Awantipora. A total of five
sites namely Site | (Khangund), Site Il (Laam), Site
Il (Batagund), Site IV (Nowdal), Site V (Chursoo)

(Fig.1 and Table 1) were selected for the

L ) . evaluation of  stream health utilizing
irrigation for horticulture and agriculture . L

. . macroinvertebrate composition as a
purposes for the Tral tehsil. The Aripal stream ) o

biomonitoring tool.
Table 1. Description of samplings points of Aripal stream
Site Latitude Longitude Elevation Usage

Site | Khangund 34°01'402" N | 75°04'130"E 1919 m Drinking, washing and agricultural
Site Il Laam 34°01'468" N | 75°05'675"E 1994 m Drinking, washing and agricultural
Site Il Batagund | 33°57'225” N | 75°05'310"E 1720 m Drinking, washing and agricultural
Site IV Naudal 33°55'229” N | 75°04'751" E 1641 m Drinking, washing and agricultural
Site V Charsoo 33°53'255” N | 75°01'042" E 1594 m Drinking, washing and agricultural
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00N
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Fig. 1. Geographical representation of different study sites.

MATERIAL AND METHODS
Physico-chemical parameters

Water samples were collected on a monthly basis
from July-November 2018 at five sampling points

128

from Aripal stream. A portable GPS (Garmin
Montana 650)
geographical

was used to measure the

position of sampling points.
Sampling, preservation and transportation of

samples to the laboratory was performed as per
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the  standard methods  (APHA, 2012).
Measurements of water temperature (WT), pH,
conductivity (Cond), total dissolved solids (TDS)
was carried out with a multi-parameter probe
(Eutech PCSTEST35-01x441506) calibrated with
Other
parameters were analyzed in laboratory following
the standard protocols (APHA, 2012). Dissolved
(DO) was
method, total hardness (TH), calcium hardness
(CaH),

titrimetric

standard  solutions. water  quality

oxygen determined by Winkler’s
magnesium hardness (MgH) by EDTA
total (TA) by
Phenolphthalein method and chloride ion (CI') by

method, alkalinity
Argentometric method. The parameters that
were analyzed spectrophometrically using Motras
Scientific, UV Visible Spectrophotometer, include:
(NO3-N) (salicylate method),
ammoniacal nitrogen (NH3-N) (phenate method)

nitrate nitrogen

and total phosphorus (TP) (stannous chloride
method), sulphate (S047) (turbidimetric method)
and total iron (Fe) (phenanthroline method).

Macro invertebrates

Macroinvertebrates were collected with the help
of D-net (30 cm wide base and 30 cm long) with
0.5 mm mesh size (Barbour et al., 1999; Ligeiro et
al., 2020). The bottom substrate was disturbed
for 1 minute by kicking method to dislodge the
and Hoffsten, 2000;
Ilmonen and Paasivirta, 2005). The procedure was

substrate  (Malmqvist
repeated at different locations within a 15 meter
stream reach and covered a variety of habitat
types until a total area of 1 m”>was sampled. Rock
pick method was also used for examination of
invertebrates in order to cover all the measured
area. Preservation of soft bodied invertebrates
was carried out using 70% alcohol while for
shelled organisms like molluscs 4% formalin was
used. Macroinvertebrates were observed under
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MS24
microscope) (x 6

binocular microscope (Magnus

stereoscopic  binocular
magnification) to the genus level and identified as
per the key references (Edmondson, 1959;
Pennak, 1978; McCafferty and Provonsha, 1983;
Borror et al., 1989; Ward, 1992; Engblom and
Lingdell, 1999; Bouchard, 2004; Subramanian and
Sivaramakrishnan, 2007). The various biotic and
diversity indices were calculated like Shannon-
Weiner diversity index, Simpson’s Diversity Index
(D), Menhinick’s Diversity Index, EPT Index,
Biological Monitoring Working Party (BMWP),
Average Score Per Taxon (ASPT), and HKHbios,

Weighted average score per taxon (ASPTw),

(Shannon-Weiner, 1949; Simpson, 1949;
Menhinick, 1964; Hartmann et al., 2008).

Data analysis

Based on the Bray-Curtis similarity index,

ordination of macroinvertebrate community data
was carried out with non-metric multidimensional
scaling (nMDS). In order to down-weigh the
influence of the dominant class, the data was
transformed by the fourth-root transformation.
The stress value was used to test the depictions
according to the nMDS solutions (Clarke and
Warwick, 2001). Thus, with no misinterpretation,
a stress value of < 0.05 gives an outstanding
representation. Physico-chemical variables were
analyzed using PCA in order to find out the
dominant variables across the study sites with
presentations under two PCs. nMDS, PCA and
RDA were performed using Primer v 6 (Clarke and
Warwick, 2001). ANOVA was carried using SPSS
and other graphs were prepared in Origin 8
software.

For computing Water Quality Index (WQl), mean
of various physico chemical parameters were
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used. WHO standards for drinking water quality
were considered and WQI was calculated as per
the method proposed by Horton (1965).

RESULTS AND DISCUSSION
Physico- chemical parameters

Variations in the value and range of physico-
chemical parameters at various sampling points
are shown in Figure 2 (a-h). WT ranged from 139C
(Site Il and IV) during November to 262C (Site Ill)
in the month of August with an increase
downstream due to decrease in altitude (Sheikh
et al, 2010), less canopy cover in the riparian
zone resulting in warming of water column and
decrease in flow velocity (Imevbore et al., 1970).
The normal range of pH for surface waters varied
from 6.5 to 8.5 (Gbarakoro et al., 2020) and in the
present study pH at all the selected sites was
found to be on the alkaline side ranging from 7.6
(Site 1l) to 8.6 (Site IV) without much wider
fluctuations throughout the study period. Stream
water has the capacity to maintain pH within
narrow range due to their buffering capacity
(Kamal et al., 2007). Alkaline pH can be due to the
increase in buffering substances of carbonates of
calcium and magnesium due to prevailing
anthropogenic activities in riparian zone. Slightly
higher pH in lower sites may be due to sewage
discharge from human habitations prevailing

within the catchment (Bansal and Khare, 1990).

Values of conductivity fluctuated from 69 uS/cm
(Site Il) to 439uS/cm (Site V) while TDS ranged
from 40mg/| (Site ll) to 310mg/I (Site V). TDS
followed same trend as that of conductivity with
an increase downstream, which may be
attributed to the change in temperature (Dubey
et al, 2020) and anthropogenic impacts like

agricultural activities and human settlements in
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downstream catchment (Clenaghan et al., 1998;
Lenat and Crawford, 1994; Gray, 2004).

DO is considered as a key parameter for the
pollution of water (Gbarakoro et al.,, 2020) and a
range of 5-14mg/l is considered suitable for
natural waters depending on the turbulence,
temperature, salinity and altitude (Dubey et al.,
2020). The DO values in the present study ranged
7.6mg/l to 11.8mg/l. The highest
concentration of dissolved oxygen was found in

from

the month of November at all sites because low
water temperature has more retention capability
of oxygen and there is also less diffusion of
oxygen from water to air (Andem et al., 2019).
Bicarbonates, carbonates and hydroxides are
mainly responsible for alkalinity (Dallas and Day,
2004) and ranged from 28mg/I (Site Il) to 170mg/I
(Site V) in the stream with an increase towords
downstream. However, Site Il showed very low
concentration of TA as compared to rest of sites.
Concentration of ClI' during the study period
fluctuated from 3mg/I (Site IIl) to 13mg/I (Site IV
and V). However the presence of Cl ions in the
water depends on its source from the catchment
loaded with animal wastes, fertilizer inflow,
runoff events and sub-surface flow. Value of TH
ranged from 62mg/I (Site 1) to 178mg/| (Site V)
indicating slightly hard nature of the water
(Moyle, 1945). CaH ranged from 38mg/I (Site 1) to
107mg/I (Site V) while MgH ranged from 22mg/I
(Site 1) to 75.6mg/Il. Increase in hardness may be
due to more addition of hardness causing ions
(calcium and magnesium) from increased
subsurface flow down the gradient (Hussain and
Pandit, 2012) and eroded municipal wastes from

the catchment (Abubakar et al., 2020).

Values of NH3-N ranged from 306 pg/l (Site I) to
369ug/l (Site V) and were the second most
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dominant form of nitrogen after NOs-N (679ug/!
at Site | to 1096ug/! at Site V) across the study
A nitrogen
compounds was reported by Bhat (2003).
Concentration of NHs-N and NOs-N displayed
increased value downstream. TP varied from
220ug/! (Site 1) to 494ug/l (Site V) and higher
concentration of TP in July and August months is

sites. similar  progression of

due to the higher suspended planktonic material
body.
nitrogen and phosphorus downstream may be

in  water Increased concentration of
due to domestic sewage and agriculture runoff in
lower reaches (Alam et al., 2007; Mohan et al.,
2011; Walter et al., 2016)

ISSN 0973-7502

SO,” during the entire study period varied
between 1.05mg/l (Site 1) to 3mg/l (Site V).
Overall concentration of SO4'2 seems to be very
low, however, its presence in the study area may
be attributed to dissolution of rock containing
sulphate material like gypsum, (CaSQ,) (Hem,
1985).Value of Fe fluctuated between 14.5ug/l
(Site 1) to 236 pg/l (Site V) and showed an
increasing trend down the stream with head
waters usually showing less concentration.
However, higher concentration at site V (252ug/l)

may be due to anthropogenic activities.
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Fig. 2 (a-h). Mean values of various physico chemical parameters of Aripal stream from July to November

2018.

131



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

Comparison of physico-chemical parameters with
WHO standards for drinking water quality
revealed values of all parameters within the
prescribed limit. Water Quality Index (WQI) also
revealed that the water of the stream fall under
excellent category (<50) with all the sites (Site |,
29.94; Site 1l, 25.16; Site Ill, 36.94; Site IV, 39 and
Site V, 44.5) having a value of WQI between 25.16
to 44.50. Summing up the whole discussion, it
was observed that all the stream water is suitable
for drinking purpose besides other desired uses.

ISSN 0973-7502

Macroinvertebrates

The benthic macroinvertebrates presented
diversity and abundance across the sampled sites.
Macro-invertebrates taxa collected composed of
insects as well as non- insects and 27 taxa were
recorded from five different study sites. The most
dominant group being Arthopoda, which
comprised of 25 species followed by Annelida and
Mollusca with one species each. Amongst 27 taxa
identified, the greatest number of taxa were
noted for site Il (23 taxa), site Il (17 taxa), site IV
(13 taxa), site | (6 taxa) and site V (4 taxa) (Table
2).

Table 2. List of macro-invertebrates recorded in Aripal stream from July to November 2018

Phylum Class Order Taxa/genus/family Authority

Annelida Hirudinae Arhynchobdellida Erpobedellaoctoculata Linnaeus, 1758
Ecdyonurous sp. Eaton, 1868
Baetisrhodani Pictet, 1843

Drunella submontana

Needham, 1905

Alainites muticus

Ephemeroptera Linnaeus, 1758
Nigrobaetisgracilis Bogoescu and Tabacaru, 1957
Epeorus sp. Eaton, 1881
Caenis sp. Stephens, 1835
Baetiella sp. Ueno, 1931
Hydropsychesp. Curtis, 1835
Brachycentridae Ulmer, 1903
Trichoptera Limnephilus sp. Linnaeus, 1758
Insecta Rhyacophila sp. Pictet, 1834
Arthropoda Glossosoma sp. Wallengren, 1891
Stenelmis sp. Dufour, 1835
Coleoptera Elmidae sp. Curtis, 1830
Staphylinidae Lameere, 1900
Diamesinae sp. Pagast, 1947
Tabanus sp. Linnaeus, 1758
Diptera Bibiocephala sp. Osten-Sacken, 1874
Simulium sp. Latreille, 1802
Ceratopogonidae sp. Newman
Chironomus sp. Meigen, 1803
Plecoptera Perlidae sp. Latreille, 1802
Chloroperlidae sp.
Malacostrac | Amphipoda Gammaruspulex Linnaeus, 1758
a
Mollusca Bivalvia Veneroida Corbicula sp. Megerle von Muhlfeld, 1811
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The present study showed that the Phylum
Arthropoda was dominant phylum across all the
study sites. It is known to be the most dominating
freshwater order, because they are present in
every heterotrophic niche in benthic and pelagic
habitats of most permanent as well as temporary
aquatic ecosystem (Throp and Covich, 1991;
Williams and Feltmate, 1992). Mostly, this group
is known to be dominant at the sites where
bottom substrate is present as hard stones
(Emere and Nasiru, 2007; Arimoro and Meye,
2007) which is true for all the sites in the present
study where boulders and cobbles presented a
suitable environment for macro invertebrates.
Within the phylum Arthropoda, class Insecta was
dominating due to the better competitive abilities
of class insect which represents most of the
functional feeding groups, varying from
predators, shredders, grazers to filter feeders and
gatherers (Ramirez and Gutierrez, 2014). Phylum
Annelida was presented by a single species
(Erpobdella octoculata). Leeches are considered
as an important component of benthos of
1986)

contribution in present study may be because

freshwater (Sawyer, and its meagre
oligochaete communities have been observed to
thrive more in soft depositing substrate in
comparison to stony beds (Syrovatka et al., 2009).
Erpobdella octoculata has greater power of
utilizing the organic matter present below the
surface of bottom sediments making them less
dependent on immediate food inflow (Learner et
al., 1978; Syrovatka et al., 2009). According to
Collier et al. (1998) higher diversity in stream
ecosystem is dependent on the variability of

substrate.

Ephemeroptera was found to be the most
dominating group at most sampling sites. This
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may be due to the optimum environmental

conditions which favored the growth and
development of these organisms. The dominance
pattern is also related to the bottom substrate as
these species showed their presence on habitats
such as sand, gravel, cobble, boulders or moss
(Medupin, 2020). They exhibit diverse feeding
habits as they are herbivores or detritivores,
feeding on algae, diatoms or detritus and
predators. The Diptera was followed by the order
Trichoptera, which also showed its dominance in
the stream. This may be due to favorable
environmental conditions and no significant
change in physico chemical characteristics for all
sampling periods. They are better inter and intra
specific competitors. This is clear from their
diverse feeding habits varying from collectors,
gatherers, scrappers,

(Mackie, 2001).

shredders to predators

Site | was represented by 6 taxa. The low number
of taxa recorded at this site is because of the fact
that this site is subjected to desiccation and
having spring as a main water source and was dry
for two sampling periods (September and
November). This site supported the good number
of Amphipoda. Site Il was represented by 23 taxa.
The highest invertebrate diversity can be the
result of availability of the food and composition
of the bottom substrate, being mainly dominated
by boulders, cobbles, gravel and pebbles which
provide a stable habitat for macro invertebrates.
Plecopterans were also found at this site. This
may be attributed to the low temperature regime
and well oxygenated and swifter water at site Il.
Three species of Coleoptera were recorded at this
site because of their tendency to live in lotic
waters where water is clear with high oxygen

content (Elliott, 2008). About 17 taxa were
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recorded at site Il which may be because of the
conditions for benthic
Site
represented by 13 taxa. This may be attributed to

suitable environmental

invertebrates to survive in. IV was
the optimum pH and temperature conditions and
low organic input. Site V was represented by only
4 taxa during the entire study. Such a low density
was due to the composition of bottom substrate
which was mostly dominated by sand and mud
(Bhat et al., 2011). Mollusca were found only at
site V because of the high organic matter in the

form of leaf litter.

The diversity during summer month was found
more than winters and was in conformity with
the study of Lamp and Haube (2004). The
seasonal difference in the abundance of major
taxa in high altitude streams is dependent on

(Gupta Michael, 1983).
temperature  favors  conductive

temperature and

Optimum
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conditions and decomposition rate of organic
matter. In the presence of sufficient dissolved
oxygen and substrata, many benthic organisms
the
decomposition of dead organic matter (Cummins

are known to accelerate rate of
et al., 1995). The streams are characterized by
not only outside source of energy in the form of
allochthonous derived leaf and woody debris but
also by the inside source of energy in the form of
aquatic algae (Allan, 1995). Cowell et al. (1997)
stated that that the more densities of benthos in
high order streams are mostly due to greater
algal and macrophyte productivity, mostly when
the streams are wide enough to reduce the effect
of canopy shade. Lower densities during winter
may be because the larval population observed
during summer is high in compared to actual
number of organisms that survive and finally

emerge as adults (Stark and Armitage, 2000).

Benthic Macroinvertebrates
Non-metric MDS

Transform: Fourth root
Resemblance: S17 Bray-Curtis similarity

2D Stress: 0.18 || Sites

e S1
* S2
+ 83
o S4

S5

Fig. 3 nMDS ordination plots of benthic macroinvertebrates between various sites.
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Statistical Analysis

The ordination of the abundance data using
nMDS in two dimensional space resulted in a
clear separation between the locations of the
sites. Site | being at the left side and site V in the
bottom whereas, sites Il, Ill and IV form the
cluster at the center top. The stress value of 0.18

ISSN 0973-7502

was observed (Fig. 3). One way ANOSIM resulted
in significant difference between benthic macro
invertebrates at different sites. Pairwise ANOSIM
test précised the sites were significantly different.
This significant level (0.1) was observed depicting
the similarity between site Il, 1ll and IV whereas,
site | and Il being clearly different.

Environmental Variables
51 Sites
> —_— e S1
d * S2
bl S3
/ o S4
3 S5
g 0. [ .
~ \
Y
-57 T T T 1
-5 0 5 10
PC1 (91%)

Fig. 4 PC of physico chemical variables at various sites

PC 1 accounted for 91% for the overall variance

and was most heavily weighed on Velocity, Fe,
TDS, DO, Silica, pH, TP, NH3-N and NOs-N (Fig. 4).
These physico chemical variables directly impact

the stream water quality. The result also explains
Site | has the major differences from site I, Ill, IV
and V.

Transform: Fourth root
Resemblance: S17 Bray-Curtis similarity
= 504 Sites
® Fi o e S1
5 / \\o * 82
E ° | S3
2
k-] 0 % Dé %k o S4
= [ ] S5
3 ﬁf * \
g \ S I[ o wr
E - \  NER N /
= _50-
= Se
£ i
o™
3 \\—¥/
i
e _1 OO I T T T T 1
-100 -50 0 50 100
dbRDA1 (43.4% of fitted, 30.4% of total variation)
Fig. 5. Ordination plots of distance-based redundancy analysis (dbRDA) of stream benthic

macroinvertebrates at various sites.
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In order to model the relationship between
benthic faunal assemblages with measured
environmental variables among the different
times, distance-based redundancy analysis
(dbRDA) was carried out (Anderson et al., 2008).
The number of environmental parameters which
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explain variation in macroinvertebrate
assemblage structure differ at various sites. Fe,
DO, pH, WT (Water temperature), TDS, NH3-N and
NOsN were the main drivers of variation (Fig. 5).
Variability of stream changed among various

sites.

Table 3. Biotic index for benthic macro invertebrate community of Aripal stream

Taxa Sitel Site 2 Site 3 Site 4 Site 5
Taxa 6 23 17 13 4
Individuals 74 118 45 57 12
Shannon-weiner index 1.61 2.04 2.50 1.90 0.96
Simpson index 0.59 0.74 0.90 0.76 0.52
Equtability index 0.60 0.65 0.88 0.74 0.69
Berger-Perker 0.51 0.48 0.16 0.45 0.65
Ephemeroptera 2 6 6 5 0
Plecoptera 0 2 0 0 0
Trichoptera 2 5 3 2 1
EPT 4 13 9 7 1
Eveness 0.48 0.33 0.72 0.51 0.65
Dominance 0.41 0.26 0.10 0.24 0.48
Menhinick 0.70 2.12 2.54 1.72 1.16
Margalef 1.16 4.61 4.21 2.97 1.21
Fisher alpha 1.54 8.52 10.00 5.25 2.10

Biotic indices

The biodiversity indices showed a high diversity
for site Ill, followed by site Il, site IV, site | and
then by site V (Table. 3). Even though the number
of individuals was more at site Il, the diversity
was more at site lll because site Il was dominated
by the Simulium sp. On the other hand, the taxa
were evenly distributed at site Ill and no taxon
dominated at this site. The EPT value was highest
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for site Il (13) which indicates that the water
quality of the site was good. This could be due to
the presence of high diversities, bottom substrate
of cobbles, gravel and pebbles. EPT value for site |
was less because of the fact that site | received
water from a non — perennial source and was dry
for two sampling months. Had there been water
for all the sampling months, the EPT value could
have been more for this site. The site V had the
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lowest EPT value (1) which is an indication of poor
water quality. This could be due to nearby human
settlements that might have increased the
organic load and also the bottom substrate of

mud and sand didn’t support more diversity. The

ISSN 0973-7502

biodiversity indices has proven to be the most
effective and efficient means to know the status
of aquatic ecosystems (Patang, 2018) and our
study supports its usage.

Table 4. HKHbios values for Water quality classification of Aripal Stream.

wQ
Water Ecological status | characteristics
HKHbios | quality gical C|s1 [su |sm |siv |sv
classification degree of organic
classes .
pollution
6.00-10.00 | HIGH None tovery 733 | 8.17 |6.8 7.3 -
slight organic
pollution
5.00-5.99 Il GOOD Moderate - - - - 5.5
pollution
4.00-4.99 [ MODERATE Critical pollution - - - - -
2.50-3.99 v POOR Heavy pollution - - - - -
1.01-2.49 \" BAD Extreme pollution | - - - -

HKHbios is used for scoring the indicator taxa.
Indicator taxa were ranked on a 10-point scoring
system reflecting the sensitivity of taxa towards
organic pollution (oxygen depletion), to chemical
pollution. Taxa having high scores indicate high
sensitivity towards stressors, while taxa with low
scores indicate high tolerance towards stressors
(Moog, 2007). The method of HKHbios includes
determination of average score per taxon (ASPT)
of the indicator species present in a sample of
macro-invertebrates. Only taxa that showed a
clear preference to very good conditions (score 8-
10) or to very bad condition (score=1) were
assigned, whereas a weight of three was assigned
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to strong indicators, a weight of 5 for very strong
indicators. Weighted average score per taxon
individual
by the
corresponding taxa weight. The products of these

(ASPTyw) was also calculated. The

taxon’s score was multiplied
multiplications were summed for the entire
sample and this sum was then divided by the total
sum of weights. The highest HKHbios (ASPTw
score) was calculated for site Il (8.17) and lowest
for site V (5.5). These indices reveal that the
water quality of Aripal stream as of now is from
good to high indicating that there is slight to
moderate organic pollution present in the stream

(Table 4).
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Table 5.Sarprobic score for water quality of Aripal stream

Biologic
Range of Range of . . . . . .
. . . Water al Water | Indicator | Site | Site Site Site Site
Saprobic Diversity ) .
Quality Quality color | | 1} v \"
Score (0-10) | Score (0-1)
Class
7 or more 0.2-1.0 Clean A Blue - - - - -
Slight Light
7t06 0.5-1.0 . B - 6 - - -
pollution Blue
Moderate
6to5 0.3-0.9 . C Green 5.2 - 5.3 5.2 -
pollution
Heavy
5to2 0.4-less . D - - - - 4.25
pollution
Severe
2-0 0-0.2 . E Red - - - - -
pollution
CONCLUSION

Saprobic score involves a quantitative inventory
of macro-invertebrate benthic fauna up to family/
genus level of taxonomic precision. All possible
families having the sarprobic indicator value are
classified on a score scale of 1 to 10 according to
their preference for sarprobic water quality. The
families which are most sensitive get a score of 10
while those which are pollution sensitive get a
score of 1 and 2. The other intermediately
sensitive families are placed inbetween the
scoring scale of 10-1. The sarprobic score in
present study was found high for site Il (6) and
lowest for site V (4.25). The scores reveal that the
Aripal stream has slight to moderate pollution at
most of the sites while somehow pollution was
recorded at only downstream site V. This could
be due the nearby human settlement which
increases the organic load in the water (Table 5).
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Results obtained from WQI revealed that the
water quality of the stream was of excellent
category and hence suitable for various purposes.
Physico chemical parameters were found to have
influence on macroinvertebrate distribution. On
the basis of biotic indices, the overall water
quality of Aripal stream was found good with all
sites having none to very slight organic pollution
while as site V had moderate organic pollution
indicating overall good stream health.

ACKNOWLEDGEMENTS
The authors thank Head Department of
Environmental Science for facilitating this

research work. The authors would also like to
thank two anonymous reviewers for critical
evaluation and useful comments on the earlier

version of the manuscript.



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

REFERENCES

American Public Health Association (APHA) 2012.
Standard Methods for the Examination of
Water and Wastewater. 22nd Ed.
American Public Health Association,
Washington, DC.

Andem, A. B., Okorafor, K. A., Udofia, U. U and
Oku, E. E. 2019. Seasonal variation in
Limnological Characteristics of the Upper,
Middle and Lower Reaches of Calabar

Southern International

River, Nigeria.

Journal of Biological Sciences and

Research, 2(1): 29-40

Abubakar, S., Michael, S.A. and Jamila, J. 2020.

Seasonal Variation in Physicochemical
Parameters of River Saye, Zaria, Kaduna
State, Nigeria. ATBU Journal of Science,

Technology and Education, 28 (1):109-26.

Alam, M.J.B., Islam, M.R., Manun, M. and Islam, S.
2007. Water quality parameters along

rivers. International Journal of
Environmental Science and Technology,
4:159- 167.

Allan, J. D. 1995. Stream ecology, structure and
function of running waters. Chapman and
Hall, London, 388.

Arimoro, F.O. and Meye, J.A., 2007. Some aspects

of the biology of Macrobrachium dux
1910)
natantia) in river Orogodo, Niger Delta,

(Lenz, (crustacea: decapoda:
Nigeria. Acta Bioldgica Colombiana, 12(2):

111-122.

Arman, N. Z., Salmiati, S., Said, M. I. M., and Aris,
A. 2019.
invertebrate-based multimetric index and

Development of macro-

establishment of biocriteria for river

health assessment in Malaysia. Ecological

139

ISSN 0973-7502

Indicators, 104: 449-458.

Bhat, F. A. 2003. Ecology of Schizothorax Heckle
in  Lidder M.Phil.
Dissertation, of Kashmir,

river, Kashmir,
University

Srinagar.

Borror, D. J., Triplehorn, C. A., and Johnson, N. F.
1989. An introduction to the study of

insects (No. Ed. 6). Saunders college

publishing.

Bouchard Jr, R.W. 2004. Guide to aquatic
macroinvertebrates of the Upper
Midwest. Water Resources Center,
University of Minnesota, St. Paul,

MN, 208: 159-183.

Barbour, M.T. 1999. Rapid bioassessment
protocols for use in wadeable streams

benthic
fish. us
Environmental Protection Agency, Office

of Water.

and rivers: periphyton,

macroinvertebrates and

Barbour, M.T. and Paul, M.J. 2010. Adding value
to water resource management through

biological assessment of rivers.
Hydrobiologia, 651(1): 17-24. https://

doi.org10.1007/s10750-010-0287-7

Baptista, D.F., Buss, D.F., Egler, M., Giovanelli, A.,

Silveira, M.P. and Nessimian, J.L., 2007. A
benthic
evaluation of

multimetric index based on

macroinvertebrates for
Atlantic Forest streams at Rio de Janeiro

State,Brazil. Hydrobiologia, 575(1): 83.

Bansal, S. and Khare, G.K. 1990. River pollution
due to paper industry. A case study.
Indian Journal of Environmental Pollution,
10(4): 281-283.



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

Berenzen, N., Kumke, T., Schulz, H. K. and Schulz,
R. 2005. Macroinvertebrate community
structure in agricultural streams: impact
of runoff-related pesticide contami-

nation. Ecotoxicology and Environmental

Safety, 60(1): 37-46.

Badola, S. P. and Singh, H. R. 1981. Hydrobiology
of the river Alaknanda of the Garhwal
Himalaya. Indian Journal of Ecology, 8(2):
269-276

Bhat, S. U and Pandit, A. K. 2006. Influence of
Substrate on the fate of macrozoobenthos
in Saeskoon water quality, a small

tributary of Vashu stream. Journal of

Research and Development, 6: 35-41.

Bhat, S.U. and Pandit, A.K. 2009. Ecological Study
of Macroinvertebrate Communities in
Three Limnocrene Freshwater Springs of
Kashmir Himalaya. J. Res. Dev., 9: 1.

Bhat, S. U., Sofi, A. H., Yaseen, T., Pandit, A. K,,
and Yousuf, A. R. 2011.
invertebrate community from Sonamarg

Macro

streams of Kashmir Himalaya. Pakistan
Journal of Biological Sciences, 14(3): 182.

Bhat, F.A., Yousuf, A.R., Balkhi, M.H. and Najar,
A.M. 2014. of
zoobenthos against the varied altitudinal

Occurrence macro-

gradient and ecology in a trout stream
(Lidder) of
India. Proceedings

Kashmir
of the

Academy of Sciences, India Section B:

Biological Sciences, 84(2): 287-297.

Himalaya,
National

Clenaghan, C., Giller, P. S. 0., Halloran, J. and
1998.
communities in a

Hernan, R. Stream

macroinvertebrate
catchment:

conifer afforested

Relationships to physico-chemical and

140

ISSN 0973-7502

biotic factors. Freshwat. Biol., 40: 175-
193.

Collier, K.J., llcock, R. J. and Meredith, A.S. 1998.
of type
physico-chemical conditions

Influence substrate and
on
macroinvertebrate faunas and biotic
indices of some lowland Waikato, New
Zealand, streams. New Zealand journal of
marine and freshwater research. 32(1): 1-

19.

Cowell, B.C., Lynch, D. M. and Remley, A. H. 1997.

Meiofauna and macrofauna in six
headwater streams of the Alafia River,
Publ. No. 03 101-130. Florida
Institute of Phosphate Research, Bartow

(Fla.), 115.

Florida.

Cummins, K.W., Cushing, C.E., Minshall, G.W.
1995. An overview of
stream ecosystems. In: Cushing, C.E.,
Cummins, K.W., Minshall, G.W., eds. River

Amsterdam.

Introduction:

and Stream Ecosystems.
Elsevier, 1-8.

Chen, I.C., Hill, J.K., Ohlemidiller, R., Roy, D.B. and
Thomas, C.D. 2011. Rapid range shifts of
species associated with high levels of
climate warming. Science, 333(6045):

1024-1026.

Carr, M., Li, L., Sadeghian, A., Phillips, I.D. and
Lindenschmidt, K.E., 2019. Modelling the
possible impacts of climate change on the
thermal regime and macroinvertebrate
species of a regulated prairie river.

Ecohydrology, 12(6): 2102.

Clarke, K.R. and Warwick, R.M., 2001. Change in
marine communities. An approach to

statistical analysis and interpretation, 2.



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

Chen, S.M. and He, L.Y. 2014. Welfare loss of

Dallas,

China's air pollution: How to make

personal vehicle transportation
policy. China Economic Review, 31:106-

118.

F. H. and Day, J. A. 2004. The Effect of
Water Quality Variables
Ecostems: review report to the Water

on Aquatic

Research Commission, WRC Report No.
TT 224/04’

Dudgeon, D., Arthington, A.H., Gessner, M.O.,

Kawabata, Z.I., Knowler, D.J., Lévéque, C,,
Naiman, R.J., Prieur-Richard, A.H., Soto,
D., Stiassny, M.L. and Sullivan, C.A. 2006.
Freshwater

biodiversity:  importance,

threats, status and conservation

challenges. Biological reviews, 81(2): 163-
182.

Dubey, R., Dutta, D., Umlong, I.M., Gogoi, B.J. and

Dwivedi, S.K. 2020. Survey of natural
water sources of Tawang region and
studies of their physico-chemical and
bacterial contamination of water, 10

(6)527-537.

Dube, T., Shoko, C., Sibanda, M., Baloyi, M.M,,

Molekoa, M., Nkuna, D., Rafapa, B. and
Rampheri, B.M. 2020. Spatial modelling of
groundwater quality across a land use and
land cover gradient in Limpopo Province,
South Africa. Physics and Chemistry of the
Earth, Parts A/B/C, 115:102820.

Edmondson, W.T. 1959. Fresh-Water Biology 2nd

ed. New York (NY) John Wiley and Sons,
INC: pp. 1050-1056.

Elliott, J.M. 2008. The ecology of riffle beetles

(Coleoptera: Elmidae). Freshwater
reviews, 1(2): 189-203.

141

ISSN 0973-7502

Elias, J.D. 2020. Response of Tropical African

Emere,

with
Tolerances to Different Levels of Nitrate

Macroinvertebrates Varying
and Phosphate. International Journal of
Ecology. Article 1D 4034069, pp 1-6
https://doi.org/10.1155/2020/ 4034069

M.C. and E.C. Nasiru, 2007.
Macroinvertebrates as indicators of the
water quality of an urbanized stream
kaduna Nigeria. J. Fisheries Int., 2: 152-

157.

Engblom, E., and Lingdell, P.E. 1999. Analysis of

benthic invertebrates of river Jhelum,
Kashmir valley. Impacts on the aquatic
environment Swedmar, The International
Consultancy group of the National Board
of Fisheries, 39-75.

Flitcroft, R.L., Arismendi, I. and Santelmann, M.V.

Gray, J.

Gupta,

2019. A review of habitat connectivity
research for Pacific salmon in marine,
estuary, and freshwater
environments. JAWRA Journal of the
American Water Resources Association,

55(2): 430-441.

E., Hines, M.E., Higueras, P.L., Adatto, I.
B.K. 2004.
speciation and microbial transformations

and Lasorsa, Mercury
in mine wastes, stream sediments, and
surface waters at the Almadén mining
district, Spain. Environmental Science &

Technology, 38(16): 4285-4292.

A. and Michael, R.G. 1983. Population
ecology and feeding properties of two co-
of
Ephemeroptera). In Proc. Symp. Ecology

existing taxa Baetidae (Insecta:

of Animal population. Calcutta.



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

Gusain, M. P. 1994. Himalayan Mahseer-

ecological perspectives migration routes,

River Alaknanda. In: Nautiyal P (ed)
Mahseer-the game fish. Jagdamba
Prakashan Dehradun for RACHNA,

Srinagar (Garhwal), B123—-B135

Gbarakoro, S.L., Gbarakoro, T.N. and Eebu, W.L.
2020. Effluent
Discharge Physico-chemical

Impact of Industrial
the

Properties of Aleto Stream, Eleme, Rivers

on

State, Nigeria. Annual Research & Review
in Biology, 79-89.

Giller, P.S. 2005. River

ecological

restoration: seeking
Editor's
introduction. Journal of Applied Ecology,

42(2):201-207.

standards.

Habib, S. and Yousuf, A. R. 2012. Benthic macro
invertebrate community of Yousmarg
streams (Doodgangastram and

KhanshahManshah

Himalaya, India. Journal of Ecology and

the Natural Environment, 4(11): 280-289.

canal) in Kashmir

Hartmann, A., Moog, O., Ofenbock, T., Korte, T.,
Sharma, S., Hering, D., Baki, A.B.M.,
2008. ASSESS-HKH
Manual Describing Fundamentals and

Methodology
Application ofThree Approaches to
Evaluate the River Quality Based on
Benthic Invertebrates: HKH Screening,
HKH Score Bio-assessment and HKH
pp. 81.
University of Natural Resources and
Applied Life Sciences (BOKU), Vienna,
Austria. Water Quality Assessments, 2"

Multimetric Bio-assessment.

ed. Chapman and Hall, London.

Hussain, Q.A. and Pandit, A.K. 2012. An Ecological
Study of Doodhganga and its Drainage

142

ISSN 0973-7502

Basin—A Lotic System of Kashmir. PhD.
Thesis, P. G.
Environmental

Department of
Science, University of

Kashmir, Srinagar.

Hem, J.D. 1985. Study and interpretation of the
chemical characteristics of natural water.

USGS, Water Supply Paper, No. 2254, 264.

Horton, R. K. 1965. An Index-number System for
Rating Water Quality. Journal Water
Pollution Control Federation, 37(3): 300-
306.

Immerzeel, W.W., Van Beek, L.P.H. and Bierkens,
M.F.P. 2010. Climate change will affect
the Asian water towers. Science, 328:
1382-1385.

L. 2005. Benthic
macrocrustacean and insect assemblages
spring habitat
characteristics: patterns in abundance
and diversity. Hydrobiologia, 533(1-3): 99-
113.

Imonen, J. and Paasivirta,

in relation to

Julka, J. M., Vasisht, H. S. and Bala, B. 1999.
Distribution of aquatic insects in a small
stream in Northwest Himalaya, India.
Journal-Bombay Natural History Society,
96: 55-63.

Johnson, S. L., and Ringler, N. H. 2014. The
response of fish and macroinvertebrate
assemblages to multiple stressors: A
comparative analysis of aquatic

communities in a perturbed watershed

(Onondaga  Lake,  NY).

Indicators, 41: 198-208.

Ecological

Kajak, Z. and Dusoge, K. 1975. Macrobenthos of
lake taltowisko. Eko. Pol., 23: 295-316.



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

Kim, D. K., Jo, H., Park, K. and Kwak, I. S. 2019.
Assessing Spatial Distribution of Benthic
Macroinvertebrate Communities

Associated with Surrounding Land Cover

and Water Quality. Applied Sciences,

9(23): 5162.

D., Khan, A.N., Rahman, M.A. and
Ahamed, F. 2007. Study on the physico
chemical properties of water of Mouri
Khulna,
journal of biological sciences: PJBS, 10(5):
710.

Kamal,

River, Bangladesh. Pakistan

W. G. D. G. 2016.
Community concordance between fishes

Kimmel, and Argent,
and benthic macroinvertebrates among
adventitious and ordinate tributaries of a
major river system. Ecological Indicators,
70: 15-22.

Krauss, J., Bommarco, R., Guardiola, M,
Heikkinen, R.K., Helm, A., Kuussaari, M.,
Lindborg, R., Ockinger, E., Pértel, M., Pino,
J. and 2010. Habitat

fragmentation immediate and

Poyry, I,
causes
time-delayed biodiversity loss at different
trophic levels. Ecology letters, 13(5):597-
605.

Luo, X., Li, H., Cao, D., Yu, Y., Yang, X. and Huang,
T., 2018. Towards efficient and objective
work sampling: Recognizing workers'

activities in site surveillance videos with

two-stream  convolutional networks.

Automation in Construction, 94:360-370.

Lamp W and Haube M. 2004. Aquatic Insects of
Harpers Ferry National Historical Park:
Assoc. Ecol.

Assessing Environ.

Vulnerability, pp. 25- 28.

143

ISSN 0973-7502

Li, F., Chung, N., Bae, M.J., Kwon, Y.S. and Park,
Y.S. 2012. Relationships between stream
macroinvertebrates and environmental

variables at multiple spatial
scales. Freshwater Biology, 57(10):2107-
2124.

Lenat, D. R. and Crawford, J. K. 1994. Effects of
landuse on water quality and aquatic
biota of three North Carolina Piedmont
streams. Hydrobiologia, 294:185-189.

Ligeiro, R., Hughes, R. M., Kaufmann, P. R., Heino,
J.,, Melo, A. S. and Callisto, M. 2020.
Choice of field and laboratory methods
affects the detection of anthropogenic
disturbances using stream  macro-

invertebrate  assemblages.

Indicators, 115: 106382.

Ecological

Lento, J., Gray, M.A., Ferguson, A.J. and Curry,

R.A. 2020. Complementary responses of
fish benthic
macroinvertebrate assemblages to

stream and
environmental drivers in a shale-gas
development area. FACETS, 5(1): 200-227.

Learner, M. A., Lochhead, G. and Hughes, B. D.
1978. A review of the biology of British
Naididae (Oligochaeta) with empha-sis on
the lotic environment. Freshwat. Biol., 8:
357-375.

Mackie, G.L. 2001. Applied Aquatic Ecosystem
Concepts. Kendall/Hunt
Company. 24:744.

Publishing

Mahdi, D., Bhat, F. A. and Yousuf, A. R. 2005.
Ecology of macrozoobenthos in
Rambiarrah stream, Kashmir. Journal of

Research and Development, 5:95-100.

McCafferty, W.P. and Provonsha, A.V. 1998.
Aquatic Entomology: The fishermen's and



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

Ecologists' lllustrated Guide to Insects and
their Relatives. Jones and Bartlett
Publishers, Boston, USA, 448.

Mackintosh, T. J., Davis, J. A., and Thompson, R.
M. 2015. The influence of urbanisation on
macroinvertebrate biodiversity in

constructed stormwater wetlands. Science

of the total Environment. 536: 527-537.

and Hoffsten, P.O.
Macroinvertebrate taxonomic

2000.
richness,

Malmqvist, B.

community structure and nestedness in
Swedish streams. Archivfiir Hydrobiologie,
150: 29-54.

Moya, N., Tomanova, S. and Oberdorff, T., 2007.
Initial development of a multi-metric
based

macroinvertebrates to assess streams

index on aquatic
condition in the Upper Isiboro-Sécure
Basin, Bolivian Amazon. Hydrobiologia,

589(1): 107-116.

Moyle, J. B. 1949.
productivity.

lake
the
American Fisheries Society, 76(1), 322-
334,

Some indices of

Transactions of

Maddock, 1.
habitat assessment for evaluating river
health. Freshwater biology, 41(2): 373-
391.

1999. The importance of physical

Medupin, C. 2020. Spatial and temporal variation
of benthic
communities along an urban river in

macroinvertebrate

Greater Manchester, UK. Environ Monit
Assess., 192(2): 84. doi: 10.1007/s10661-
019-8019-6.

Menhinick, E.P. 1964. A Comparison of some

species - Individuals diversity indices

144

ISSN 0973-7502

applied to samples of field insects.

Ecology, 45: 859-881.

Moog, 0. 2007. Manual on pro-rata multi-habitat-
sampling of benthic invertebrates from
wadeable rivers in the HKH-region.
Deliverable 8, part 1 for ASSESS-HKH,
European Commission, 29.

Mohan, M., Pathan, S.K., Narendrareddy, K.,
Kandya, A. and Pandey, S. 2011. Dynamics
of urbanization and its impact on land-
use/land-cover: A case study of Megacity
Delhi. Journal of  Environmental

Protection, 2(9): 1274- 1283.

Mishra, S., Kumar, A., Mishra, S. and Kumar, A.
2020.
characteristics

Estimation of physicochemical

and associated metal
contamination risk in the Narmada River,
India. Environmental

Research, 26(1): 190521.

Engineering

Negi, M. and Singh, H. R. 1990. Substratum as
determining factor for bottom fauna in
the river Alaknanda. Proceedings of the
Indian National Science Academy. Part B
Biological sciences, 56(5-6): 417-423.

Nautiyal, P., Shivam, A., Rawat, G., Singh, K. R,,
A. C. 2004.
Longitudinal variation in the structure of

Verma, J. and Dwivedi,
benthic macroinvertebrate communities
in the upland Vindhyan and Himalayan
river: river continuum approach. National
journal of life sciences, 1(1):85-88.

Nautiyal, R. 1996. Impact of sewage on the
diatom communities of river Alaknanda
(Srinagar, Garhwal). International Journal
of Ecology and Environmental Sciences,
22:289-296

Ollis, D.J., Dallas, H.F., Esler, K.J. and Boucher, C.



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

2006. Bioassessment of the ecological
integrity of river ecosystems using aquatic
macroinvertebrates: an overview with a
focus on South Africa. African Journal of
Aquatic Science, 31(2): 205-227.

Ofenbock, T., Moog, O., Sharma, S. and Korte, T.
2010. Development of the HKHbios: a
new biotic score to assess the river quality
in the Hindu Kush-
Himalaya. Hydrobiologia, 651(1): 39-58.

Ormerod, S. J., Rundle, S. D., Wilkinson, S. M.,
Daly, G. P., Dale, K. M. and lJuttner, |.
1994. Altitudinal trends in the diatoms,
bryophytes, macroinvertebrates and fish
of a Nepalese river system. Freshwater
biology, 32(2): 309-322

Parey, S. H. and Saini, M. S. 2012. Two new
species of the genus EubasilissaMartynov
(Trichoptera: Phryganeidae) from the
Indian Himalaya. Zootaxa, 3403(1): 61-68.

Pandher, M. S. and Chandra, K. 2019. An updated
Checklist of Family Hydropsychidae Curtis,
1835 (Insecta: Trichoptera) from India.
Records of the Zoological Survey of India,
119(1): 64-68.

Pomeranz, K. 2013. Asia’s unstable water tower:
The politics, economics, and ecology of
Himalayan water projects. Asia Policy, 16:
4-10.

Pennak, R.W. 1978. Fresh-water invertebrates of
the United States. 2nd ed. John Wiley and
Sons, New York, 822

Patang, F., Soegianto, A. and Hariyanto, S. 2018.
Benthic Macroinvertebrates Diversity as
Bioindicator of Water Quality of Some
Rivers in East Kalimantan, Indonesia.

ISSN 0973-7502

International Journal of Ecology, 1-12.
https://doi.org/10.1155/2018/5129421

Pinto, U., Maheshwari, B.L. and Ollerton, R.L.
2013. Analysis of long-term water quality
for effective river health monitoring in
peri-urban landscapes—a case study of
the Hawkesbury—Nepean river system in

NSW, Australia. Environmental
monitoring and assessment, 185(6): 4551-
4569.

Reid, D.J. and Tippler, C. 2019. Access to natural
substrates in urban streams does not
counter impoverishment of

macroinvertebrate communities: a

comparison of engineered and non-

engineered reaches. Water, Air, & Soil

Pollution, 230(1):8.

Rashid, H. U. and Pandit, A. K. 2008. Role of some
abiotic factors in structuring the
macroinvertebrate  community  with

special reference to insects along a

longitudinal profile of River Sindh,

Kashmir valley, 217-228. In: Ecobiology of

Aquatic Insects (Arvind Kumar and

Harbhajan Kaur, eds.). Daya Publishing

House, Delhi- 110035.

Ramirez, A. and Gutiérrez-Fonseca, P.E. 2014
Functional feeding groups of aquatic
insect families in Latin America: a critical
analysis and review of existing literature.
Revista de Biologia Tropical, 62(2): 156-
167.

Sawyer, R. T. 1986. ‘Leech Biology and Behavior.’
(Clarendon Press: Oxford, UK.)

Sarremejane, R., Cid, N., Stubbington, R., Datry,
T., Alp, M., Cafedo-Arglelles, M.,
Cordero-Rivera, A., Csabai, Z., Gutiérrez-



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

Canovas, C., Heino, J. and Forcellini, M.,
2020. DISPERSE, a trait database to assess
the dispersal potential of European
aquatic macroinvertebrates.

data, 7(1), pp.1-9.

Scientific

Sabha,l., Khanday, S.K., Islam,S.T. and Bhat, S.U.
2020.
assemblage

Longitudinal and  temporal
benthic

macroinvertebrates in snow melt stream

patterns of

waters of Jhelum River Basin (JRB) in
western
Ecohydrology, 13(7):
https://doi.org/ 10.1002/eco.2236

north Himalaya.

2236.

Indian

Sanchez-Montoya, M.M., Tockner, K., von
Schiller, D., Mifano, J., Catarineu, C,,
Lencina, J.L., Barbera, G.G. and Ruhi, A.
2020.

arthropod

Dynamics of ground-dwelling
metacommunities in
intermittent streams: The key role of dry
riverbeds. Biological Conservation, 241:

108328.

Sabha, I., Bhat, S. U., Hamid, A. and Rather, J. A.
2020. Hydrobiological assessment using
macroinvertebrates as biomonitoring tool
in the Dagwan stream, Kashmir Himalaya.
Pakistan Journal of Zoology- Accepted

C.E, W. 194). The
Mathematical Theory of Communication.

Shannon, Weiner,
University of lllinois Press, Urbana, lllinois,
144.

Sheikh, T. and Parey, S. H. 2019. Six New Records
of Butterflies (Lepidoptera: Insecta) from
Jammu and Rajouri Districts of Jammu
and Kashmir Himalaya. Journal of Wildlife
Research, 7(03): 42-46.

Sheikh, A., Pal, A. and Pandit, A.K. 2010. Water
quality of Vishav stream in Kashmir Valley,

146

ISSN 0973-7502

J&K, India. Recent Research in Science and
Technology, 2(2):54-59.

Simpson, E.H. 1949. Measurement of
diversity. Nature, 163: 688.

Singh, S. and Sharma, R. C. 2020. Monitoring of
benthic bio
indicator for assessing the health of the
high altitude wetland Dodi Tal, Garhwal
Himalaya, India. Biodiversity Int J., 4(4):

macro invertebrates as

164-173.
Silveira, M.P., Baptista, D.F., Buss, D.F,,
Nessimian, J.L. and Egler, M., 2005.

Application of biological measures for
stream integrity assessment in south-east
Brazil. Environmental ~ Monitoring  and

Assessment, 101(1-3): 117-128.

Song, C., Dodds, W.K., Riegg, J., Argerich, A.,
Baker, C.L., Bowden, W.B., Douglas, M.M.,
Farrell, K.J., Flinn, M.B., Garcia, E.A. and
A.M. 2018.
decrease in net primary productivity in

Helton, Continental-scale
streams due to climate warming. Nature
Geoscience, 11(6): 415-420.

Sofi, M.S., Bhat, S.U., Rashid, I. and Kuniyal, J.C.
2020. The natural flow regime: A master

variable for maintaining river ecosystem
health. Ecohydrology, 3(8):2247.

Steffen, W., Broadgate, W., Deutsch, L., Gaffney,
O. and Ludwig, C., 2015. The trajectory of

the Anthropocene: the great
acceleration. The Anthropocene Review,
2(1): 81-98.

Stark, B.P. and Armitage, B.J. (editors). 2000.
Stoneflies (Plecoptera) of eastern North

America, Volume |  Ptronarcyidae,

Peltoperlidae, and Taeniopteridae.



J. Himalayan Ecol. Sustain. Dev. Vol. 15 (2020)

Columbus (OH): Biological Survey Bulletin,
14(1): 100.

Stubauer, 1., Hering, D., Korte, T., Hoffmann, A,
Brabec, K., Sharma, S., Shrestha, M.,
Kahlown, M.A,, Tahir, M.A., Kumar, A. and
Sharma, M.P. 2010. The development of
an assessment system to evaluate the
ecological status of rivers in the Hindu
Kush-Himalayan region: introduction to
the special feature. Hydrobiologia, 651(1):
1-15.

Subramanian, K.A. and Sivaramakrishnan, K.G.
2007. Aquatic Insects for Biomonitoring
Freshwater Ecosystems-A Methodology

Manual. Ashoka Trust for Ecol-ogy and

Environment (ATREE), Bangalore, India.
31pp.

Syrovatka, V., Schenkovd, J., Brabec, K. 2009. The

distribution of chironomid larvae and
oligochaetes within a stony-bottomed
river stretch: The role of substrate and
hydraulic characteristics. Fundamental
and Applied Limnology /
ArchivfiirHydrobiologie, 174 (1): 43-62.

DOI: 10.1127/1863-9135/2009/0174-0043

Imevbore, A.M.A. 1970. The chemistry of river
Niger in Kainji reservoir area. Archives in
Hydrobiologia. 67(3): 412-431.

Thorp, J. H. and Covich, A(eds). 1991. Ecology and

classification of North American
Invertebrates. Academic Press, New
York.911 pp.

147

ISSN 0973-7502

Ward, J.V. 1992. Aquatic Insect Ecology. John
Wiley, New York. pp. 438.

William, D. and Feltmate, B. 1992. Aquatic
Insects. CAB International Wallingford,
U.K, p. 358.

Weigel, B.M., Henne, LJ. and Martinez-Rivera,
L.M.  2002.
index of biotic integrity for protection of

Macroinvertebrate-based

streams in west-central Mexico. Journal of
the North American Benthological Society,
21(4): 686-700.

Walter, K., Dodds, Smith, V.H. 2016. Nitrogen,
phosphorus, and eutrophication in
streams, Inland Waters, 6(2):155- 164.

Zhang, W., Villarini, G., Vecchi, G.A. and Smith,
J.LA. 2018. Urbanization exacerbated the
rainfall and flooding caused by hurricane
Harvey in Houston. Nature, 563(7731):
384-388.

Zhao, Y.W. and Yang, Z.F. 2009. Integrative fuzzy
health
assessment: A case study of Yong River in

hierarchical model for river
Ningbo City, China. Communications in
Nonlinear  Science and  Numerical

Simulation, 14(4): 1729-1736.

Zardo, D.C., Souza, M.M., Pires, M.M., Stenert, C.
and Maltchik, L. 2020. Can nesting
waterbirds the

macroinvertebrates in

influence community
structure  of
southern Brazilian intermittent wetlands?

lheringia. SérieZoologia, 110.



