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Abstract: This paper deals with the study of macrozoobenthic community in the glacier fed stream Balkhila which
is an important tributary of Alaknanda River. In this study it was found that the maximum macrozoobenthos were
recorded in the month of February (387.5±106.5 units/m2) followed by January (382.2±144.7 units/m2) whereas,
minimum in July (21.6±15.3 units/m2) and August (21.6±0.0 units/m2). The stream is represented by 15 genera
belonging to 6 orders viz. Ephemeroptera (Baetis, Cinygmula, Caenis, and Heptagenia), Trichoptera (Glossosoma,
Rhyachophila, Agapetus, Hydropsyche, Chimarra and Stenopsyche), Diptera (Antocha and Chironomus), Coleoptera
(Psephenus), Odonata (Euphaea) and Plecoptera (Perla). The regression analysis and the correlation coefficient
were used to show the relationship between macrozoobenthos and various physico-chemical parameters. The
Shannon-Wiener diversity index was calculated to study the benthic diversity of the stream. In order to depict the
homogeneity among different benthic orders, the multivariate cluster analysis was used. The Canonical
correspondence analysis (CCA) was used to investigate the seasonal effect of detrimental ecological factors on
benthic population.
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Introduction
Benthic macroinvertebrates are mostly the
nymphs and the larvae of insects in an aquatic
ecosystem which inhabits stream bottom. They act
as a natural source of food for fishes along with
periphyton. Benthic macroinvertebrates are the
common and most popular group of freshwater
organisms which are used in assessing the water
quality. They are very useful in biomonitoring
although a practice for some well-balanced
monitoring programs for their quantitative
sampling and community analysis is required
(Rosenberg and Resh, 1993). The functioning of
river ecosystem is immensely contributed by
benthic macroinvertebrates community. The
nature of disturbance in the system can be
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assessed by their diversity and composition at any
particular time (Stanford and Ward, 1983). The
various physico-chemical parameters affect the
community pattern and distribution of benthic
macroinvertebrates. The altered water condition
and thermal regime can have serious effect on
cold stenothermic species as their growth,
reproduction, metabolism, distribution and
emergence is determined by temperature (Milner
et. al., 2001).
Glacier fed streams are probably the harshest
environments and therefore they usually show a
characteristic spatial pattern in longitudinal
distribution of diversity and assamblages of
species downstream and away from the influence
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of the glacier (Saether, 1968; Steffan, 1971).
Even though glacier fed streams are considered
harsh environments and constrained habitats in
nature with low spatial heterogeneity (IIg and
Castella, 2006), there is considerable variations in
assemblage composition and longitudinal diversity
patterns among streams (Brittain et. al., 2001;
Milner et el., 2001). The relationship among
assemblages,
longitudinal
patterns
and
environment biota are all expected to be largely
similar in closely situated streams. We assume
that the stream macroinvertebrates within
catchments are not strongly dispersal limited
(Thompson and Townsend, 2006; Heino and
Mykra, 2008).
In
Uttarakhand,
studies
on
benthic
macroinvertebrates have been carried out by
several researchers. Bahuguna et. al., (2004)
studied the variations in the density composition
and diversity of the benthic macroinvertebrates of
the Ganga river in the up and downstream sections
of the impounded zones. They found that the
regulated stretch harbor only Ephemeroptera,
Diptera, Trichoptera and Mollusca whereas,
Plecopterans were absent while Coleopterans were
very rare in the regulated stretch. Dobriyal et.al.
(2009) has worked on the interactions of
substratum heterogeneity with macrozoobenthos

in the Eastern Nayar river. Katoch et.al. (2015)
described population structure and diversity
analysis of benthic Ephemeropterans in Western
Nayar river. Balodi and Koshal (2015) studied the
macrozoobenthos of Khoh stream and Koshal et
al. (2017) analyse the communities structure of
Macroinvertebrate in Rawasan Stream. whereas
Kumar and Nautiyal (2019) studied the
community feature of benthic macroinvertebrates
of Bhagirathi river at three stations and suggested
that urgent measures are required to improve the
ecological health of the river. Bahuguna et.al.
(2019) have reported the density and diversity of
aquatic mites from spring fed tributaries of river
Alaknanda.
The present study was designed to investigate the
macrozoobenthos diversity and their relationship
with various abiotic factors of the river Balkhila
at Tilfara during November, 2019 to October,
2020.
Materials and Methods
Study area: The Balkhila river is glacier fed and
is located at higher altitude. The present study was
carried out at Tilfara within a latitiude of 300 23’
17” N and longitude 790 19’ 15” E and altitude
932 masl. The Tilfara spot is covered by some
mixed vegetation (Fig. 1).

Figure 1: Location of sampling site of the stream Balkhila.
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Physico-chemical Parameters analysis

Statistical Analysis

The physico-chemical parameters were analysed
as per standard methods (Welch, 1948 and APHA,
2012). Surface water temperature was analyzed
with the help of centigrade thermometer. The
velocity of water current was estimated by float
method. pH was recorded by portable electronic
pH meter. Dissolved oxygen was analyzed by
Winkler’s method. Total hardness and total
alkalinity was recorded by Welch method. The
turbidity was analysed with the help of digital
Nephelometer.

The data was analysed by using various statistical
tools. Regression analysis and correlation
coefficient was used to present the relationship
between physico-chemical parameters and total
macrozoobenthos. The macrozoobenthos diversity
was estimated by Shannon-Wiener diversity index
(H՜= -Σpi.lnpi). The multivariate cluster analysis
was used to show the hierarchical grouping
among different orders of macozoobenthos. The
canonical correspondence analysis (CCA) was
used to show the seasonal effect of detrimental
ecological factors on different macrozoobenthic
orders. All the statistical analysis was made by
using Microsoft excel and Past 3.0.

Sampling of macrozoobenthos
The macrozoobenthos were collected from 1ft2 by
using serber sampler and picking with help of
brush and forceps. The values were then converted
into units.m2. The collected macrozoobenthos
were preserved in 4% formalin and then carried to
the laboratory . The identification was made with
help of various keys and monograph (Edmondson,
1992; Hynes, 1970; Jessup et. al.,2002).

Results and discussion
Monthly variations in the physico-chemical
parameters of the stream Balkhila at Tilfara during
the year 2018-19 and 2019-20 is presented in the
Table 1.

Table 1: Monthly variations in physico-chemical parameters of the stream Balkhila at (Tilfara) during
the year 2018-19 and 2019-20.
MONTHS
NOV.
DEC.
JAN.
FEB.
MAR.
APR.
MAY
JUN.
JUL.
AUG.
SEP.
OCT.

WT (0C)
13.3a/12.9b
(13.1±0.3)
12.3a /11.3b
(11.8±0.7)
11.1a /10.4b
(10.8±0.5)
14.1a /13.4b
(13.8±0.5)
14.7a /14.5b
(14.6±0.1)
16.2a /16.3b
(16.3±0.1)
16.3a /18.1b
(17.2±1.3)
16.5a /21.5b
(19.0±3.5)
16.4a /20.1b
(18.3±2.6)
15.8a /16.9b
(16.4±0.8)
14.2a /16.4b
(15.3±1.6)
14.0a /13.6b
(13.8±0.3)

CV (m.sec-1)
0.83a/0.84b
(0.84±0.01)
0.72a /0.63b
(0.68±0.06)
0.63a /0.55b
(0.59±0.06)
0.63a /0.57b
(0.60±0.04)
0.66a /0.59b
(0.63±0.05)
0.73a /0.78b
(0.76±0.04)
0.98a /0.97b
(0.98±0.01)
1.24a /1.28b
(1.26±0.03)
1.79a /1.61b
(1.70±0.13)
1.77a /1.58b
(1.68±0.13)
1.65a /1.56b
(1.61±0.06)
0.98a /0.96b
(0.97±0.01)

DO (mg.l-1)

pH
7.9a/8.0b
(8.0±0.1)
8.1a /8.3b
(8.2±0.1)
8.4a /8.2b
(8.3±0.1)
8.0a /8.3b
(8.2±0.2)
7.9a /7.8b
(7.9±0.1)
7.6a /7.9b
(7.8±0.2)
7.8a /7.9b
(7.9±0.1)
7.4a /7.4b
(7.4±0.0)
7.3a /7.2b
(7.3±0.1)
7.6a /7.5b
(7.6±0.1)
7.9a /7.8b
(7.9±0.1)
7.8a /7.6b
(7.7±0.1)

13.1a/12.5b
(12.8±0.4)
12.9 a /12.7b
(12.8±0.1)
13.3a /13.0b
(13.2±0.2)
11.3a /10.8b
(11.1±0.4)
11.0a /10.5b
(10.8±0.4)
10.8a /9.6b
(10.2±0.8)
9.3a /9.2b
(9.3±0.1)
9.0 a /9.0b
(9.0±0.0)
9.1a /9.0b
(9.1±0.1)
9.0 a /9.1b
(9.1±0.1)
9.2 a /9.1b
(9.2±0.1)
12.9 a /11.5b
(12.2±1.0)

TA (mg.l-1)
44.0a/46.8b
(45.4±2.0)
50.0a /52.4b
(51.2±1.7)
62.2a /64.8b
(63.5±1.8)
50.2a /47.6b
(48.9±1.8)
47.4a /44.8b
(46.1±1.8)
36.0a /42.2b
(39.1±4.4)
38.2a /39.6b
(38.9±1.0)
32.0a /32.4b
(32.2±0.3)
32.0a /34.2b
(33.1±1.6)
34.2a /32.8b
(33.5±1.0)
32.2a /35.0b
(33.6±2.0)
40.0a /44.4b
(42.2±3.1)

TH (mg.l-1)
70.0a/72.0b
(71.0±1.4)
74.0a /78.0b
(76.0±2.8)
74.0a /76.0b
(75.0±1.4)
72.0a /68.0b
(70.0±2.8)
56.0a /62.0b
(59.0±4.2)
54.0a /60.0b
(57.0±4.2)
52.0a /58.0b
(55.0±4.2)
58.0a /56.0b
(57.0±1.4)
62.0a /60.0b
(61.0±1.4)
64.0a /62.0b
(63.0±1.4)
60.0a /64.0b
(62.0±2.8)
68.0a /66.0b
(67.0±1.4)

T (NTU)
26.0a/25.0b
(25.5±0.7)
6.0a /8.0b
(7.0±1.4)
6.0a /7.0b
(6.5±0.7)
8.0a /5.0b
(6.5±2.1)
14.0a /12.0b
(13.0±1.4)
14.0a /16.0b
(15.0±1.4)
18.0a /20.0b
(19.0±1.4)
34.0a /32.0b
(33.0±1.4)
38.0a /36.0b
(37.0±1.4)
78.0a /60.0b
(69.0±12.7)
78.0a /55.0b
(66.5±16.3)
38.0a /34.0b
(36.0±2.8)

(WT= Water temperature, DO= Dissolved oxygen, TA= Total alkalinity, TH= Total hardness, CV= Current velocity,
T= Turbidity a= Physico-chemical parameters during the year 2018-19, b= Physico-chemical parameters during the
year 2019-20)
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During this period it was found that the water
temperature was maximum (19.0±3.5) in the
month of June and minimum (10.8±0.5) in
January. The velocity of water current was
maximum (1.70±0.13) during July and minimum
(0.59±0.06) in January. The pH and DO was
maximum (8.3±0.1) (13.2±0.2) in the month of
January whereas pH was minimum (7.3±0.1) in
July and DO (9.0±0.0) in June. The total alkalinity
was maximum (63.5±1.8) in the month January
and minimum (32.2±0.3) in June. The total

hardness was recorded highest (76.0±2.8) during
December and least (55.0±4.2) in May. The
turbidity was least (6.5±0.7) (6.5±2.1) in January
and February whereas highest (69.0±12.7) in
August. Uehlinger et. al. (2010) found that the
turbidity was high in glacial streams. The pH was
found maximum during winter months due to
algal growth. Similar results were also found by
Dobriyal and Singh (1988) and Singh et. al.
(1994) and Koshal et. al., (2016) in different rivers
of Uttarakhand respectively.

Table 2 Nymph of macrozoobenthic communities (units/m2) in the stream Balkhila at Tilfara during the
year 2018-19 and 2019-20.
Ephemeroptera
Baetis
Cinygmula
Caenis
Heptagenia
Total

November
December
(32.3±15.3)
(53.9±15.2)
(32.3±15.3)
(53.8±0.0)
(16.2±7.6)
(32.3±0.0)
(21.6±15.2)
(27.0±22.8)
(10.2.3±22.8)
(166.9±7.6)

January
February
(59.2±7.6)
(43.1±15.2)
(59.2±22.8)
(59.2±53.3)
(16.2±22.8)
(16.2±7.6)
(32.3±0.0)
(43.1±45.6)
(166.9±7.6)
(161.5±106.6)

March
April
(37.7±7.6)
(32.3±0.0)
(16.2±7.6)
(43.1±30.5)
(16.2±22.8)
(10.8±15.3)
(16.2±7.6)
(24.3±11.4)
(86.2±45.6)
(110.4±26.7)

May
June
(16.2±7.6)
(0.0±0.0)
(32.3±15.3)
(16.2±7.6)
(5.4±7.6)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)
(59.3±7.6)
(16.2±7.6)

July
August
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)
0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(5.4±7.6)

September
October
(5.4±7.6)
(16.2±7.6)
(21.6±15.2)
(16.2±7.6)
(0.0±0.0)
(10.8±0.0)
(0.0±0.0)
(26.9±7.6)
(26.9±7.6)
(70.0±22.8)

(5.4±7.6)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)

(5.4±7.6)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)

(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)

(0.0±0.0)
(5.4±7.6)
(0.0±0.0)
(5.4±7.6)

(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)

(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)

(5.4±7.6)
(10.8±15.2)
(5.4±7.6)
(10.8±15.2)
(113.1±38.0)
(177.7±22.8)

(16.2±22.8)
(10.8±15.2)
(16.2±22.8)
(10.8±15.2)
(188.4±22.9)
(172.2±91.4)

(16.2±22.8)
(8.1±11.5)
(16.2±22.8)
(8.1±11.5)
(102.3±68.4)
(118.5±15.2)

(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(59.3±7.6)
(21.6±15.2)

(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(5.4±7.6)

(16.2±7.6)
(16.2±7.6)
(16.2±7.6)
(16.2±7.6)
(43.1±15.2)
(86.2±30.3)

Odonata
Euphaea
Total
Plecoptera
Perla
Total
Total nymph

Nymph and larvae of macrozoobenthos (units/m2)
in the stream Balkhila at Tilfara during the year
2018-19 and 2019-20 is presented in the Table 2
and 3. The stream is represented by 15 genera
belonging to 6 orders. The benthic biota includes
nymph and larvae of macrozoobenthos. The
nymph mostly includes Ephemeroptera (Baetis,
Cinygmula, Caenis, and Heptagenia), Odonata
(Euphaea) and Plecoptera (Perla). The larvae
includes Trichoptera (Glossosoma, Rhyachophila,
Agapetus,
Hydropsyche,
Chimarra
and
Stenopsyche), Diptera (Antocha and Chironomus)
and Coleoptera (Psephenus). The maximum
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numbers of macrozoobenthos were reported in the
month of February (387.5±106.5 units/m2) and
January (382.2±144.7 units/m2), whereas,
minimum in the month of July (21.6±15.3
units/m2) and August (21.6±0.0 units/m2). During
winter months all the physico-chemical factors
were optimum which favored the growth of
macrozoobenthos while during monsoon harsh
environment restricted their growth. Rautela et. al.
(2006) also found the similar trends of variation in
macrozoobenthic density in the Khoh river of
Garhwal Himalaya. The current velocity of water,
temperature and dissolved substances are the
http://jmr.sharadpauri.org
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important factors which regulates the distribution
of benthic invertebrates (Siraj, 2018).
Regression analysis between physico-chemical
parameters and the total macrozoobenthos of the
stream Balkhila at Tilfara during the year 2018-19
and 2019-20 is presented in the Figure 2 to 5. The
water temperature (R2= 0.7378, r= -0.86) and the
current velocity of water (R2= 0.8371, r= -0.91)
showed negative relationship with total
macrozoobenthos. The dissolved oxygen (R2=

0.7077, r= 0.84) and pH (R2=0.8154, r= 0.90)
showed positive relationship with total
macrozoobenthos.
Tariq et. al. (2020) also found that water
temperature and current velocity showed negative
relationship whereas, dissolved oxygen and pH
showed
positive
relationship
with
macrozoobenthic population.

Table 3: Larvae of macrozoobenthic communities (units/m2) in the stream Balkhila at Tilfara
during the year 2018-19 and 2019-20
Trichoptera
Glossosoma
Rhyachophila
Agapetus
Hydropsyche
Chimarra
Stenopsyche
Total

November
December
(16.2±7.6)
(26.9±7.6)
(21.6±15.2)
(21.6±30.5)
(5.4±7.6)
(0.0±0.0)
(26.9±7.6)
(43.1±15.2)
(16.2±22.8)
(10.8±15.2)
(32.3±15.3)
(37.7±22.8)
(118.5±30.3)
(139.9±15.3)

January
February
(10.8±15.2)
(10.8±15.2)
(21.6±30.5)
(16.2±22.8)
(0.0±0.0)
(5.4±7.6)
(32.3±15.3)
(43.1±30.5)
(21.6±30.5)
(43.1±15.2)
(16.2±22.8)
(48.5±7.6)
(102.3±83.7)
(166.9±7.6)

March
April
(16.2±7.6)
(8.1±11.5)
(37.7±38.0)
(5.4±7.6)
(0.0±0.0)
(0.0±0.0)
(48.5±22.8)
(16.2±7.6)
(21.5±0.0)
(10.8±15.2)
(16.2±22.8)
(45.8±26.7)
(140.0±30.5)
(86.2±15.2)

May
June
(5.4±7.6)
(0.0±0.0)
(5.4±7.6)
(5.4±7.6)
(0.0±0.0)
(0.0±0.0)
(16.2±7.6)
(10.8±0.0)
(16.2±7.6)
(0.0±0.0)
(37.7±22.8)
(10.8±15.2)
(80.8±7.6)
(27.0±22.8)

July
August
(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)
(0.0±0.0)
(5.4±7.6)
(5.4±7.6)
(0.0±0.0)
(0.0±0.0)
(5.4±7.6)
(5.4±7.6)
(10.8±0.0)
(16.2±7.6)

September
October
(0.0±0.0)
(16.2±7.6)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)
(10.8±0.0)
(16.2±7.6)
(16.2±7.6)
(5.4±7.6)
(10.8±15.2)
(16.2±7.6)
(21.6±15.2)
(37.7±7.6)
(80.8±7.6)

(5.4±7.6)
(0.0±0.0)
(16.2±7.6)
(21.6±15.2)
(21.6±15.2)
(21.6±15.2)

(16.2±7.6)
(0.0±0.0)
(21.6±30.5)
(21.6±30.5)
(37.7±38.0)
(21.6±30.5)

(5.4±7.6)
(2.7±3.8)
(16.2±7.6)
(2.7±3.8)
(21.6±0.1)
(5.4±7.6)

(0.0±0.0)
(0.0±0.0)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)
(5.4±7.6)

(0.0±0.0)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)

(0.0±0.0)
(5.4±7.6)
(16.2±7.6)
(16.2±7.6)
(16.2±7.6)
(21.6±0.1)

(21.6±30.5)
(37.7±7.6)
(21.6±30.5)
(37.7±7.6)
(161.6±15.1)
(199.2±22.8)

(53.8±0.0)
(26.9±38.0)
(53.8±0.0)
(26.9±38.0)
(193.8±121.8)
(215.3±15.1)

(16.2±22.8)
(18.9±19.0)
(16.2±22.8)
(18.9±19.0)
(177.7±53.2)
(110.5±3.9)

(5.4±7.6)
(21.6±15.2)
(5.4±7.6)
(21.6±15.2)
(86.2±0.1)
(53.9±45.7)

(5.4±7.6)
(0.0±0.0)
(5.4±7.6)
(0.0±0.0)

(29.9±7.6)
(37.7±7.6)
(29.9±7.6)
(37.7±7.6)
(80.8±22.8)
(140.1±0.1)

(274.7±53.1)
(376.8±45.7)

(382.2±144.7)
(387.5±106.5)

(280.0±15.2)
(228.9±11.4)

(145.4±7.6)
(75.5±60.9)

(21.6±15.3)
(21.6±0.0)

Dipter
Antocha
Chironomus
Total
Coleoptera
Psephenus
Total
Total larvae
Grand Total
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(21.6±15.3)
(16.2±7.6)

(123.8±7.6)
(226.2±30.3)
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Figure 2: Regression analysis between water
temperature and total macrozoobenthos of the
stream Balkhila at Tilfara during the year
2018-19 and 2019-20.

Figure 3: Regression analysis between
current velocity and total macrozoobenthos of
the stream Balkhila at Tilfara during the year
2018-19 and 2019-20.

Figure 5: Regression analysis between pH
and total macrozoobenthos of the stream
Balkhila at Tilfara during the year 2018-19
and 2019-20.
Shannon-Wiener
diversity
index
of
macrozoobrnthos in the stream Balkhila at Tilfara
during the year 2018-19 and 2019-20 is presented
in Figure 6. The H՜ was recorded maximum (2.56)
in the month of November while minimum (1.39)
during July and August. The index value is mostly
high during winter months which suggested the
stable ecosystem as all the parameters are in
optimum condition whereas, least value in
monsoon depicted the perturbed state of
ecological setup. Habib and Yousuf (2012) also
used Shannon-Wiener diversity index to study the
diversity of macroinvertebrate community of
Doodganga stream and Khanshah Manshah canal
in Kashmir Himalaya, they found that high
diversity value in Doodhganga upstream is the
result of positive correlation between physicochemical parameters and the corresponding
diversity while low diversity in KhanshahManshah downstream.

Figure 4: Regression analysis between
dissolved oxygen and total macrozoobenthos
of the stream Balkhila at Tilfara during the
year 2018-19 and 2019-20.
Figure 6: Shannon-Wiener diversity index of
macrozoobrnthos in the stream Balkhila at
Tilfara during the year 2018-19 and 2019-20.
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Multivariate cluster analysis of macrozoobenthic
orders of the stream Balkhila at Tilfara during the
year 2018-19 and 2019-20 is presented in Figure
7. The dendrogram formed thus suggested that the
Ephemeroptera and Trichoptera were homogenous
group which was later joined by least diverse
homogenous group of Diptera, Coleoptera,
Odonata and Plecoptera. Ramirez et al. (2009)
also analysed the Cluster analysis of
macroinvertebrate assemblage composition in 9
tributaries of the Turabo watershed. Adriaenssens
et. al. (2007) also used the clustering techniques
for ecological classification of series of sites in the
Zwalm river basin (Flanders, Belgium).

Figure 7: Multivariate cluster analysis of
macrozoobenthic orders of the stream
Balkhila at Tilfara during the year 2018-19
and 2019-20.

Acronyms= Ephe- Ephemeroptera, TricTrichoptera, Dip- Dipterta, Col- Coleoptera,
Odo- Odonata, Ple- plecoptera.
Canonical correspondence analysis (CCA) of
macrozoobenthic orders of different seasons in the
stream Balkhila at Tilfara during the year 2018-19
and 2019-20 is presented in Figure 8. CCA was
performed to investigate the effect of different
detrimental ecological factors on the characteristic
orders of different seasons. CCA plot suggested
that the winter and spring season was represented
by most of the benthic orders Ephemeroptera
Trichoptera, Plecoptera and Diptera and the
factors governing them were dissolved oxygen,
total alkalinity, pH and total hardness. Trichoptera
was also associated with Autumn season whereas
the summer season is represented by Odonata and
the factor associated was water temperature. The
monsoon season was sparsely represented by
order Coleoptera and the major factors associated
were current velocity and turbidity. Sagir, et. al.
(2020) also used the CCA to study the benthic
population in the Western Nayar river of Garhwal
Himalaya. Kumar and Nautiyal (2019) used the
CCA to study benthic macroinvertebrates at
different sites in the Bhagirathi river.

Figure 8: Canonical correspondence analysis (CCA) of macrozoobenthic orders of different
seasons in the stream Balkhila at Tilfara during the year 2018-19 and 2019-20
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From the above discussion it is concluded that the
winter season with supportive ecological
conditions offers better ground for the benthic
population to flourish well whereas, monsoon
season with disturbed ecological setup showed
least diversity.
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