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Abstract A survey of macro-invertebrates and their
monthly variations occupying the Tons river in Doon
Valley was conducted from August 2003-July 2004.
Macro-invertebrate collections and water samples were
taken from three sampling stations every month during the
period of study. All the hydrological attributes were mea-
sured monthly for 1 year. The present study showed that
the water velocity, hydromedian depth, turbidity and dis-
solved oxygen and nature and size of the bottom substrates
do play a major role in determining the macro-invertebrate
diversity of Tons river. The ecological relevance of the
measured hydrological attributes was investigated by
comparing their degree of correlation with invertebrate
density and diversity. The Shannon-Wiener index (H') of
macro-invertebrates was found to be highest (3.60) during
spring season (February and March) and lowest (2.59)
during monsoon season (July and August). The high values
of diversity index of macro-invertebrates at all the three
sampling sites indicate diverse macro-invertebrate com-
munities in the Tons river in Doon Valley, India.

Keywords Macro-invertebrates - Tons river -
Diversity index - Doon Valley - Uttarakhand
1 Introduction

The macro-invertebrates act as the secondary producers in
the aquatic ecosystems. They are an important link in the
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food web of aquatic ecosystem. Insects are the dominant
class among macro-invertebrates. The diversity of insects
can only be described as amazing. Current estimates of
known species of insects are well over 1 million, of which
about 8,600 species of insects are associated with fresh-
water environments during some part of their lives. Aquatic
insects play a role in the processing of organic matter
(Cummins 1974; Cummins et al. 1984). Aquatic macro-
invertebrates are important food for fish and waterfowls.
They also play an important role in transferring energy
from the first trophic level to second trophic level in
freshwater ecosystems. Benthic aquatic macro-inverte-
brates are sensitive indicators of environmental changes in
streams because they express long-term changes in water
and habitat quality rather than instantaneous conditions
(Johnson et al. 1993). Aquatic organisms can exhibit a
great breadth of genetic diversity and species richness,
maintenance of which is essential for the survival of any
lotic or lentic ecosystem (Singh and Sharma 1998). Aquatic
habitats are known to support an extraordinary array of
species. Most of the aquatic fauna are small invertebrates.
As compared to the fish fauna, the invertebrate species
diversity in most parts of the world, particularly the tropics,
is poorly known. The lack of knowledge is caused by a
number of factors, such as the great diversity of inverte-
brates, and their numerical abundance has contributed to
their neglect. In addition to this, invertebrates are small and
difficult to identify. In spite of the dearth of studies on the
invertebrate fauna, many of the aquatic invertebrates are
being lost as their habitat deteriorates, some without ever
been discovered and made known as species.

A considerable work on the aquatic macro-invertebrate
has been done by several aquatic biologists (Collier and
Smith 1995; Quinn et al. 1997; Clausen and Biggs 1997,
1998, 2000; Collier et al. 1997, 2000; Walsh et al. 2001;
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Ward and Tockner 2001; Jacobson et al. 2003). Some of the
studies have also been made in the different parts of the
Indian subcontinent (Das 1971; Bisht and Das 1979a, b;
Badola 1979; Mitra and Nandi 1998; Sharma 1986; Sharma
et al. 2004, 2008). However, no effort has been made so far
to study the macro-invertebrates dwelling in the rivers of
Doon Valley, India, inspite of the fact that the wide variety
of microhabitats (rock surfaces, plant surfaces, leaf debris,
logs, back waters, sandy sediments, crevices in gravel and
pebbles) are available in the rivers of Doon Valley to aquatic
macro-invertebrates. Therefore, a maiden attempt has been
made to survey macro-invertebrate diversity of the Tons
river, one of the important rivers of Doon Valley, India.

2 The study area

The Tons river is one of the most important tributaries of
the Yamuna river. It originates from the southern slope of

the Mussoorie range and flows south-southwest. It joins the
northwest-flowing river Asan, which latter joins the Yam-
una river. The study area is located in Doon Valley, a very
important valley of the Garhwal Himalayas (Fig. 1). Three
sampling sites were identified depending upon the acces-
sibility and the anthropogenic interventions. The first site
(Sy) was identified at Guchchupani, near a small village
mostly inhabitated by Nepalis. Anthropogenic activities
like washing and bathing are common at this site. Com-
position of river bottom substrates at S; was dominated by
pebbles and cobbles and small numbers of boulders. The
second sampling site (S;) was identified near the Tap-
keshwar temple dedicated to Lord Shiva, where there is a
huge disposal of worship materials (sacred tree leaves,
flowers, fruits, sweets, milk and milk products, etc.) by the
priests and devotees to Lord Shiva into the river. Bottom
substrates at this site were dominated by boulders and
cobbles along with some sand. The third sampling site (S3)
was selected at Bilaspur Kandli, 2.5 km downstream from

Fig. 1 Location map of study
area
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S,, which is devoid of any anthropogenic activity. Com-
position of river bottom substrates is dominated by big
boulders at this site. This site has high macrophyte growth
in the Tons river towards the left bank of the river, where
the temple is located.

3 Methodology

Monthly samplings for analyzing the hydrological attri-
butes and biotic components of macro-invertebrates were
conducted for one annual cycle (August 2003 to July
2004). The temperature of air and water was recorded with
the help of a Celsius (0-110°C) thermometer. The mean
velocity of water was measured using the Electromagnetic
Current Meter (Model-PVM-2A  Montedoro-Whitney
Corp., San Luis Obispo, CA). The vertical velocity profile
was established by measuring the velocity at depths rang-
ing from 0.10 to 1.5 m above the substratum. The pH of the
water was determined by the Control Dynamics pH meter
(Model-APX15/C), while turbidity was measured by the
Elico Turbidity Meter (Model-5D1 M). Inorganic phos-
phate (H,POy, HPO~? and PO, %) were determined with
the help of the Systronics Spectrophotometer (Model-
Spectronic 20 D Series). The phosphate present in the
water reacts with ammonium molybdate and forms com-
plex molybdophosphoric acid, which gets reduced to a
complex of blue color in the presence of SnCl,. Hence, the
stannous chloride method was followed for estimating
phosphate in the water sample. Two milliliters of ammo-
nium molybdate solution followed by five drops of SnCl,
solution were added to 50 ml of the filtered clear sample in
a clean Erlenmeyer’s flask, developing a blue color. The
absorption of light by this blue color in a sample was
measured at 690 nm on the spectrophotometer using a
blank solution with a similar quantity of the chemicals. The
readings were taken after 5 min, but before 12 min before
the addition of the last reagent. The readings were noted at
concentration mode, and direct values were obtained. The
values were expressed as mg 17",

The concentration of nitrate was also estimated spectro-
photometrically at 410-nm wavelength with the help of a
Systronic Spectrophotmeter (Spectronic 20 D Series). Fifty
milliliters of water sample was taken in an Erlenmeyer flask,
adding the same amount of silver sulphate solution to it so as
to remove the chloride contents from the sample. It was then
heated slightly on a hot plate, and the precipitate of AgCl was
filtered out with the help of a filter paper. The filtrate was then
dried in a porcelain basin. After cooling in a desicator, it was
dissolved in 2 ml phenol disulphonic acid, and the contents
were diluted to 50 ml with distilled water. To develop a
yellow color, 6 ml of liquid ammonia was added to it. The
samples were then analyzed spectrophotometrically. The

readings were noted at the concentration mode, and direct
values were obtained. The values were expressed in terms
of mg 17", Chloride, alkalinity and hardness were calculated
by titration methods following the standard methods outlined
in Wetzel and Likens (1991) and APHA (1998). Five
replicates of each physico-chemical parameter from each
sampling site (S;, S, and S;) were taken. These were pooled,
and the mean was calculated.

The percentage cover of different-sized substrata within
each Surber quadrate was estimated visually using the
substrate size classes of sand (0.06-2.0 mm), fine gravel
(2-32 mm), coarse gravel (32-64 mm), cobbles (64—
256 mm) and boulders (>256 mm).

Benthic macro-invertebrates colonizing the substrate
were collected with the help of the Surber sampler (0.50-
mm mesh net) to a depth of about 10 cm in a quadrat and
by hand picking from microhabitats. Quantitative estima-
tion of benthic macro-invertebrates was based on
numerical counting, i.e., units per square meter (ind. m_z).
The benthic macro-invertebrates were preserved in 4%
formalin. These macro-invertebrates were identified to the
possible lowest taxonomic level. The qualitative analyses
of macro-invertebrate samples were made with the help of
Fraser (1933); Needham and Needham (1962); Hickel
(1977); Macan (1974); Disney (1975); Hynes (1977); El-
liott and Humpesch (1983); Kumar and Khanna (1984);
Elliott et al. (1988); Wallace et al. (1990); Ward and
Whipple (1992); Rao (1933), Biswas et al. (1995); Ed-
ington and Hilldrew (1995); Mitra (1999); Mitra (2003);
Ramkrishna and Mitra (2004); Sharma et al. (2004, 2008).
The density of macro-inveretbrates was calculated from all
the five replicates collected from each sampling site.

Alpha diversity among the macro-invertebrates was
analyzed by counting the total number of taxa present in
the sampling sites (S;, S, and S3) under different envi-
ronmental conditions.Alpha diversity (o) = N; where,
N = total number of taxa present.

3.1 Statistical treatment of the data

For statistical treatment of the data, species diversity

indices were calculated using the Shannon and Wiener

(1964) diversity index: Shannon—Wiener Diversity index
N

(H") :lzjl (%) log, (&); where H' = Shannon-Wiener index

of diversity; n; = total number of individual of a taxon;
N = total number of individuals of all taxa.

Karl Pearson’s correlation coefficient (r values) was
used to quantify relationships between various hydrological
attributes and the influence of hydrological attributes on
biological communities. All the monthly samples of each
taxon and physico-chemical attribute collected from all the
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three sites were pooled, and the mean of these attributes
was computed and the inter-relationships (r-values) were
calculated (Bailey 1995).

Regression analysis was also performed between the
density of macro-invertebrates and hydrological attributes
to determine the influence of hydrological attributes on
biological communities. The total monthly density of all
the macro-invertebrates from all the three sites was taken
together, and means were used to perform regression.
Regression analysis was performed with each physico-
chemical attribute one by one, and the results (R value, R2,
standard error, F value, intercept, X variable, r-stat and
p-value) were presented in Table 8.

4 Results
4.1 Physico-chemical attributes of water

The physico-chemical parameters (X 4= SD) recorded at all
the three sites of the Tons river are given in Table 1.
Maximum air temperature was recorded in the month of
July (33.67 £ 0.58°C) and minimum in the month of
January (15.33 4+ 1.53°C), while the mean water temper-
ature was recorded with a maximum in the month of July
(27.67 £ 2.31°C) and minimum in the month of February
(14.33 £ 1.53°C). Water velocity was fairly good
throughout the year with the highest value in the month of
July (2.00 £ 0.00 msfl) and lowest recorded in the month
of May (0.50 & 0.22 ms™') and June (0.50 + 0.22 ms™").
Hydro median depth (HMD) was also considerable round
the year with the highest in the month of July (1.23 &£ 1.10)
and lowest in the month of June (0.24 £ 0.09 m). Tur-
bidity was found to be highest in the month of July
(335.43 £ 58.60 NTU), and the water was almost clear in
the month of January and February. Dissolved oxygen was
recorded highest in the month of February (14.00 £
203mg 1™") and minimum in the month of July
(7.43 & 0.59 mg 1™"). Turbidity and total dissolved solids
(TDS) showed a decreasing trend from August to February
(Table 1). Other parameters like hardness, pH, alkalinity,
chlorides, nitrates and phosphate, sodium and potassium
showed an irregular trend in their concentrations in the
Tons river throughout the study.

4.2 Macro-invertebrate density and diversity

The macro-invertebrates dwelling in the Tons river were
mostly represented by the larvae (immature stages of aquatic
insects). These larvae belong to the orders of Ephemerop-
tera, Plecoptera, Hemiptera, Coleoptera, Trichoptera,
Diptera and Odonata. Most of the taxa found were scrappers
and collector-gatherers. Few taxa of Mollusca and Annelida
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were also present in the Tons river. The monthly variations
in the density of macro-invertebrates recorded for one
annual cycle from all the three sites (S, S, and S3) of Tons
river have been presented in Tables 2—4. The overall density
of the macro-invertebrates was found to be maximum
(2,775-3,000 ind. m_z) in the month of February and
minimum (250-325 ind. m~2) in the month of July in the
Tons river. Analysis of the monthly abundance of macro-
invertebrates in the Tons river also revealed that the maxi-
mum abundance of macro-invertebrates was recorded at the
sampling site S; and minimum at S;. The sequence of
abundance of macro-invertebrates in all the three sites was
S3 > S, > S, with decreasing altitude. Thus, the density of
macro-invertebrates of the Tons river increased along the
decreasing altitude.

Annual percentage composition of macro-invertebrates
contributed by various taxa has revealed that the major
contribution was made by Ephemeroptera (43—45%) and
minimum (1-3%) by Mollusca (Fig. 2). A considerable
contribution was also made by Trichoptera (9-11%) and
Diptera (10-13%) to the total annual percentage compo-
sition of macro-invertebrates.

Altogether 37 macro-invertebrate taxa were recorded
from the Tons river in Doon Valley. A total of 36 taxa were
present at S; and S,. However, all the 37 taxa were present at
Ss. Philopotamus (member of Trichoptera) was not present
at all at S;, while the Potamanthus (member of Epheme-
roptera) did not show its presence at S, (Tables 2-4). A
qualitative analysis of the macro-invertebrates dwelling in
the Tons river of the Doon Valley has revealed that the order
Ephemeroptera was represented by 12 taxa, namely Baetis
niger, Baetis muticus, Caenis robusta, Centroptilum luteo-
lum, Cleon spp, Ephemera vulgata, Ephmerella notata,
Habrophlebia, Leptophlebia marginata, Potamanthus and
Rhithrogena semicolorata. However, the order Plecoptera
was represented by only three genera (Perla, Isoperla and
Taeniopteryx). The order Hemiptera was represented by two
genera (Gerris and Hesperocorixa). Coleoptera was repre-
sented by three genera (Hydaticus, Limnius and Psephenus).
Trichoptera and Diptera were found to be the second most
abundant components among the macro-invertebrates
dwelling in the Tons river. Trichoptera was represented by
the taxa of Hydroptila, Hydropsyche, Philopotamus and
Rhyacophila, while the Diptera was represented by four
genera (Tabanus, Culex, Simulium and Chironomus). Odo-
nata of the Tons river was represented by four genera
(Agrion, Ceriagrion, Ishnura and Ophiogomphus). Other
macro-invertebrates like Mollusca (Bithynia, Campeloma,
Pleurocera) and Annelida (Hirudinaria and Tubifex) were
represented by three and two taxa, respectively.

The mean monthly Shannon—Wiener index of macro-
invertebrates was found to be maximum (3.60 + 0.02) in the
month of February and minimum (2.59 & 0.11) in the
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Table 2 Monthly mean densities (ind. m ) of macrozoobenthos at S; of Tons river of Doon Valley for the period August 2003—July 2004

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
Ephemeroptera
Baetis niger 25 50 50 75 100 125 175 150 75 75 50 25
Baetis muticus 25 50 50 75 75 100 150 125 75 50 25 25
Caenis robusta 25 25 50 50 0 100 125 100 50 0 0 0
Centroptilum luteolum 0 0 50 0 0 75 100 75 0 0 0 0
Cloeon 0 0 0 0 0 50 125 100 0 0 0 0
Ephemera vulgata 0 0 25 75 100 125 150 125 75 0 0 0
Ephemerella notata 0 0 0 75 100 100 125 75 75 50 50 0
Habrophlebia 0 0 0 0 0 0 0 0 0 50 0 0
Heptagenia lateralis 0 50 75 75 100 125 150 125 100 75 50 0
Leptophlebia marginata 25 75 75 100 100 125 100 100 75 0 0 0
Potamanthus 0 0 0 0 0 50 75 0 0 0 0 0
Rhithrogena semicolorata 0 0 25 0 0 0 100 75 50 0 0 25
Plecoptera
Isoperla 0 0 50 75 100 100 125 100 50 0 0 25
Perla 25 50 50 50 0 0 0 75 50 75 50 0
Taeniopteryx 0 0 0 0 0 0 50 0 0 0 0 0
Hemiptera
Gerris 0 0 25 0 0 0 0 0 0 0 0 0
Hesperocorixa obliqua 25 50 50 75 100 125 125 100 50 50 25 25
Coleoptera
Hydaticus 25 0 0 0 0 0 25 0 0 0 0 0
Limnius latiusculum 0 0 0 50 75 100 125 50 0 0 0 0
Psephenus 0 25 50 50 100 100 125 100 75 75 50 25
Trichoptera
Hydroptila 0 0 0 0 0 0 75 0 50 0 0 25
Hydropsyche 25 50 75 100 125 100 150 125 100 75 75 0
Rhyacophila 0 25 25 50 75 75 100 75 0 0 0 0
Diptera
Tabanus 25 0 50 75 75 100 100 125 75 0 0 25
Culex 0 0 0 0 0 0 25 0 0 0 0 0
Simulium 0 0 0 50 0 50 0 0 25 0 0 0
Chironomus 25 50 75 75 100 125 150 100 50 25 25 0
Odonata
Agrion 0 0 0 0 0 0 75 0 0 0 25 0
Ceriagrion cerinorubellu 0 0 0 0 0 0 0 0 0 75 0 25
Ischnura 25 25 25 50 75 100 100 75 50 0 0 0
Ophiogomphus 0 0 0 0 0 0 0 0 25 0 0 0
Mollusca
Bithynia 0 0 0 50 0 75 0 50 0 0 0 0
Campeloma 0 0 0 0 0 0 75 50 25 50 0 0
Pleurocera 0 0 0 0 0 25 0 0 0 0 0 0
Annelida
Hirudinaria 25 25 50 50 75 75 75 50 50 25 25 0
Tubifex 0 0 0 0 0 0 0 0 0 25 0 25
Total 300 550 925 1325 1475 2125 2875 2125 1250 775 450 250
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Table 3 Monthly mean densities (ind. m~2) of macrozoobenthos at S, of the Tons river of Doon Valley for the period August 2003—July 2004

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
Ephemeroptera
Baetis niger 0 25 50 75 100 125 175 150 125 75 50 0
Baetis muticus 0 25 50 75 75 100 125 125 100 75 75 25
Caenis robusta 0 0 50 0 50 75 100 125 100 50 50 25
Centroptilum luteolum 25 50 0 75 75 100 125 75 50 0 0 0
Cloeon 0 0 0 50 0 75 75 0 0 0 0 0
Ephemera vulgata 0 0 50 0 75 75 150 125 100 0 0 0
Ephemerella notata 0 50 75 100 125 125 150 100 50 50 25 25
Habrophlebia 25 0 0 0 0 0 0 75 0 0 0 0
Heptagenia lateralis 25 50 75 100 125 150 225 125 0 100 50 0
Leptophlebia marginata 0 0 0 50 0 50 75 75 0 0 0 0
Rhithrogena semicolorata 25 25 50 75 0 0 100 100 75 50 0 25
Plecoptera
Isoperla 25 0 0 100 0 0 125 75 0 0 0 25
Perla 25 50 50 75 100 125 150 150 50 50 0 25
Taeniopteryx 0 0 0 0 0 0 0 100 0 0 0 0
Hemiptera
Gerris 0 0 0 0 0 0 0 75 0 0 0 0
Hesperocorixa obliqua 0 0 25 50 75 100 125 125 100 75 50 25
Coleoptera
Hydaticus 0 0 0 0 0 0 100 50 0 0 0 0
Limnius latiusculum 0 50 50 0 0 50 0 75 0 0 0 0
Psephenus 25 25 25 75 100 125 150 125 75 50 25 25
Trichoptera
Hydroptila 0 0 50 75 100 125 100 75 50 0 0 0
Hydropsyche 0 50 50 100 125 100 125 150 75 50 50 25
Philopotamus 0 25 0 25 0 0 0 50 0 0 0 0
Rhyacophila 25 25 0 0 0 50 75 75 0 0 0 0
Diptera
Tabanus 0 50 0 75 0 0 0 125 0 0 0 25
Culex 0 0 0 0 0 25 50 0 0 0 0 0
Simulium 25 0 0 50 75 125 150 125 75 0 25 25
Chironomus 25 50 50 75 125 100 125 175 75 75 50 0
Odonata
Agrion 0 0 0 0 0 0 100 75 0 0 0 0
Ceriagrion cerinorubellu 0 25 0 0 75 0 0 50 25 0 0 0
Ischnura 25 25 0 50 75 100 100 75 50 25 0 0
Ophiogomphus 0 0 50 0 0 100 0 0 0 50 0 25
Mollusca
Bithynia 0 0 0 0 25 0 0 25 0 0 0 0
Campeloma 0 0 0 0 50 0 25 0 0 0 0 0
Pleurocera 25 0 0 25 0 0 0 0 0 0 0 0
Annelida
Hirudinaria 50 25 50 75 100 125 150 100 50 50 0 25
Tubifex 0 0 0 0 0 0 0 25 0 0 25 0
Total 350 625 800 1450 1650 2125 2950 3000 1225 825 475 325
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Table 4 Monthly mean densities (ind. m~2) of macrozoobenthos at S; of the Tons river of Doon Valley for the period August 2003—July 2004

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
Ephemeroptera
Baetis niger 25 50 50 75 100 125 200 125 75 50 0 0
Baetis muticus 0 0 75 75 125 125 150 100 50 50 25 25
Caenis robusta 25 25 50 50 100 125 150 125 100 75 25 0
Centroptilum luteolum 25 50 50 75 0 0 125 100 75 50 25 25
Cloeon 0 0 0 50 0 0 0 0 25 0 0 0
Ephemera vulgata 0 25 0 75 100 125 150 125 75 50 25 25
Ephemerella notata 0 25 75 100 100 125 150 125 100 75 50 0
Habrophlebia 0 0 50 75 0 0 0 75 0 0 25 0
Heptagenia lateralis 25 50 25 75 100 125 125 75 50 25 25 0
Leptophlebia marginata 25 0 0 50 75 100 75 75 50 25 0 25
Potamanthus 0 0 0 0 50 75 0 100 50 0 0 0
Rhithrogena semicolorata 0 25 50 75 75 100 125 100 75 0 0 0
Plecoptera
Isoperla 0 0 0 50 50 75 100 75 50 50 25 0
Perla 25 25 50 75 0 75 125 75 50 25 0 0
Taeniopteryx 0 0 25 0 50 50 75 75 25 25 0 25
Hemiptera
Gerris 0 0 25 0 0 50 75 50 25 25 0 0
Hesperocorixa obliqua 0 25 50 75 75 125 100 75 75 50 25 0
Coleoptera
Hydaticus 0 0 0 0 0 75 0 75 50 25 0 0
Limnius latiusculum 0 25 50 50 75 75 100 125 75 25 25 25
Psephenus 25 50 75 100 75 100 125 75 75 50 0 0
Trichoptera
Hydroptila 0 0 0 25 50 50 75 75 50 25 0 0
Hydropsyche 25 25 50 50 75 100 125 100 75 50 25 0
Philopotamus 0 0 0 0 0 50 0 0 50 50 25 25
Rhyacophila 25 0 0 25 50 50 0 0 25 0 0 0
Diptera
Tabanus 0 25 25 0 50 75 100 0 0 25 0 0
Culex 0 0 0 50 0 0 0 100 50 25 25 25
Simulium 25 0 0 25 50 75 75 50 25 0 0 0
Chironomus 25 50 50 75 100 125 150 75 75 50 0 0
Odonata
Agrion 0 0 0 0 50 50 0 100 25 0 0 0
Ceriagrion cerinorubellu 0 25 50 50 75 75 75 0 50 50 25 25
Ischnura 25 0 50 0 0 0 75 75 50 25 0 0
Ophiogomphus 0 0 0 0 0 25 0 0 0 25 25 0
Mollusca
Bithynia 0 0 0 0 0 25 25 0 0 0 0 0
Campeloma 0 0 0 0 0 25 0 25 0 25 0 0
Pleurocera 0 0 0 25 0 0 0 0 0 0 0 0
Annelida
Hirudinaria 25 50 50 75 100 75 125 75 50 25 0 25
Tubifex 0 0 0 0 25 0 0 0 0 25 0 0
Total 325 550 975 1525 1775 2450 2775 2425 1675 1075 400 250
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Fig. 2 Mean annual percentage
composition of macro-
invertebrates of the Tons river,
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month of July (Table 5). Overall, there was no significant
difference in the annual mean (3.30, 3.32, 3.34) of the
diversity index at all the three sampling sites (S, S, and S3).

4.3 Relationship between hydrological attributes
Pearson’s correlation (r values) calculated to quantify

relationships between various hydrological attributes
revealed that the air temperature, water temperature,

transparency and turbidity were found to be highly inter-
correlated (Table 6). Air temperature was highly positively
correlated with water temperature (r = 0.95, p > 0.001).
Air temperature was negatively correlated with dissolved
oxygen (r = —0.90, p > 0.001). Water temperature was
strongly negatively correlated with dissolved oxygen
(r =—-0.99, p > 0.001). Water velocity was found to be
positively correlated with hydro median depth (r = 0.85,
p > 0.001). Turbidity was found to be positively correlated
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Table 5 Diversity index Shannon-Wiener (1964) computed for
macro-invertebrates dwelling in the Tons river of the Doon Valley
recorded for the period August 2003—July 2004

S S, S;3 X + SD
Aug 2.82 2.91 2.64 2.79 £ 0.14
Sep 3.23 3.28 3.21 3.24 £ 0.04
Oct 3.33 3.33 3.38 3.35 £0.03
Nov 3.36 3.39 3.45 3.40 £ 0.05
Dec 3.48 3.56 3.53 3.52 £ 0.04
Jan 3.52 3.60 3.59 3.57 £ 0.44
Feb 3.60 3.58 3.61 3.60 + 0.02
Mar 3.61 3.61 3.56 3.59 £ 0.03
Apr 3.53 3.46 3.54 3.51 £ 0.04
May 3.40 3.36 3.42 3.39 £ 0.03
Jun 3.10 3.09 3.48 3.22 £0.22
Jul 2.61 2.68 2.47 2.59 + 0.11

Bold values are depiction of maximum and minimum values

with water velocity (r = 0.94, p > 0.001). Conductivity
was found to be positively correlated with total dissolved
solids (r = 0.81, p > 0.001). Turbidity was found to be
positively correlated with conductivity (r = 0.80,
p < 0.001). Turbidity was also found to be positively cor-
related with total dissolved solids (r = 0.83, p > 0.001).
Transparency was found to be positively correlated with
dissolved oxygen (r = 0.61, p < 0.02). Dissolved oxygen
was found to be negatively correlated with free carbon

dioxide (r = —0.70), p > 0.01). Total dissolved solids were
found to be positively correlated with phosphate (r = 0.73,
p > 0.01). pH was found to be positively correlated with
alkalinity (r = 0.54, p < 0.05). No significant correlation
was found between the concentration of potassium and
chloride during the study period.

4.4 Relationship between hydrological attributes
and the density of macro-invertebrates

Correlation coefficient (r-values) calculated between
physico-chemical environmental variables and macro-
invertebrates dwelling in the Tons river revealed that the
air temperature, water temperature, turbidity, conductivity,
dissolved oxygen, nitrate and sodium were found to be
significantly correlated with density and diversity of
macro-invertebrates dwelling in the Tons river (Table 7).
The macro-invertebrate diversity showed a negative rela-
tion with air temperature (r = —0.78, p < 0.001), water
temperature (r = —0.81, p > 0.001), water velocity
(r = —0.85, p > 0.001), hydro median depth (r = —0.74,
p > 0.01) and turbidity (r = —0.94, p > 0.001). Macro-
invertebrate diversity showed a positive correlation with
transparency (r = 0.50, p < 0.05, and dissolved oxygen
(r =0.79, p <0.001). The macro-invertebrate diversity
index was found to have a negative relationship with
conductivity (r = —0.79, p > 0.01).

Table 6 Pearson’s correlation (r-values) calculated between hydrological attributes of the Tons river of the Doon Valley, India

AT wWT WV  HMD TU TA CcO TDS DO FCO, pH HD Alk Chl NO; POs Na
AT
WT 0.95
\\A% 0.53 045
HMD 057 050 0.85
TU 066 063 094 0.72
TA —-0.74 —0.63 —0.46 —0.69 —-0.40
CO 073 073 069 049 080 —-0.49
TDS 052 050 068 029 083 —-0.16 0.81
DO -090 -099 -041 —-051 —-0.57 0.61 —0.65 —0.40
FCO, 063 065 0.01 031 0.07 -041 0.17 —-0.14 —-0.70
pH 0.00 —-0.04 0.10 0.13 0.08 —0.39 0.09 0.10 0.06 —-0.47
HD -051 —-048 —-0.24 —-0.11 -0.39 0.05 —-044 -042 044 -0.53 0.27
Alk  -0.19 -035 0.10 021 -0.09 -035 —-023 —-0.15 038 —046 054 072
Chl 028 018 —-023 -0.02 -023 -046 —-0.03 -024 —-0.16 024 031 —-0.02 0.19
NO; 064 060 093 071 099 -035 079 083 -055 007 005 —-041 —-0.11 —-0.29
PO, 021 018 078 052 079 0.00 044 0.63 —-0.16 —-022 0.04 —0.14 0.04 —0.66 0.83
Na -0.62 —-0.74 -0.59 -059 -0.67 037 —-0.61 —-0.49 074 -041 0.19 031 034 039 —0.68 —045
K -0.60 -0.66 —-0.76 —-0.58 —-0.87 031 -0.79 -0.80 0.63 —-0.18 —-0.14 055 031 035 —-0.89 —0.72 0.72

Abbreviations:

AT = air temperature, WT = water temperature, WV = water velocity, HMD = hydro median depth, TU = turbidity,

TA = transparency, CO = conductivity, TDS = total dissolved solids, DO = dissolved oxygen, FCO, = free carbon dioxide, pH = hydrogen
ion concentration, HD = hardness, Alk = alkalinity, Chl = chloride, NO; = nitrate, PO, = phosphate, Na = sodium, K = potassium
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Table 7 Pearson’s correlation coefficient (r values) calculated between physico-chemical environmental variables and density and diversity of
macro-invertebrates dwelling in the Tons river of the Doon Valley, India

Macro- AT WT
invertebrates

WV  HMD TU TA CO TDS DO FCO, pH HD Alk Chl NO; PO, Na K

Mean density —-0.80 -0.92 -0.45 —-0.40 —0.65 035 —0.66 —0.53 092 —0.60 0.25 0.55 0.58 0.15 0.64 0.34 0.85 0.71
H -0.78 -0.81 -0.85 —0.74 —0.94 050 —0.79 —0.74 0.79 —0.32 0.00 0.40 020 0.21 0.92 0.68 0.83 0.89

Ephemeroptera —-0.79 -090 —-0.46 —-0.41 —0.66 034 —0.66 —0.54 091 —0.58 0.23 0.56 0.58 0.18 0.66 0.37 0.86 0.74
Plecoptera -0.71 -0.86 —-0.35 —0.33 —0.55 0.27 —0.64 —0.47 0.87 —0.57 0.25 0.52 0.64 0.19 0.56 0.25 0.88 0.68
Hemiptera -0.76 —-0.87 -0.51 —0.42 —-0.71 0.27 —0.65 —0.57 0.88 —0.49 0.24 046 053 020 0.70 0.46 0.81 0.73
Coleoptera —-0.81 —-092 —-0.43 —-0.39 —-0.64 036 —0.64 —0.52 093 —0.60 0.22 0.55 0.57 0.10 0.63 0.32 0.81 0.70
Trichoptera —0.83 —-0.90 —0.50 —0.43 —-0.68 0.39 —0.68 —0.56 0.90 —0.61 0.27 0.58 0.53 0.17 0.68 0.39 0.82 0.73
Diptera —0.84 -0.93 —0.39 —-038 —0.59 0.39 —0.63 —0.49 092 —0.68 0.28 0.58 0.55 0.11 0.60 0.29 0.81 0.67
Odonata —-0.73 -0.86 —0.44 —0.37 —0.62 0.30 —0.60 —0.48 0.88 —0.54 0.28 0.45 0.57 0.11 0.59 0.33 0.75 0.63
Mollusca -0.76 -0.84 —-0.35 —0.36 —0.52 0.28 —0.55 —0.38 0.84 —0.68 0.50 0.40 0.51 0.02 0.52 0.19 0.73 0.46
Annellida —-0.86 —-091 —-0.40 —-0.35 —0.57 050 —0.73 —0.50 0.88 —0.61 0.24 0.56 0.51 —0.08 0.54 0.15 0.69 0.57

Abbreviations: DI = diversity index, AT = air temperature, WT = water temperature, WV = water velocity, HMD = hydromedian depth,
TU = turbidity, TA = transparency, CO = conductivity, TDS = total dissolved solids, DO = dissolved oxygen, FCO, = free carbon dioxide,
pH = hydrogen ion concentration, HD = hardness, Alk = alkalinity, Chl = chloride, NO; = nitrate, PO4 = phosphate, Na = sodium,
K = potassium

Table 8 Regression analysis performed between the density of macro-invertebrates and the hydrological attributes of all three sites (S;, S, and

S3) of the Tons river of the Doon Valley, India

Parameters Multiple R R? Standard error F Intercept (b)X variable t-stat p-value
Air temperature 0.778 0.605 0.223 15.318 4.520 —0.050 —-3.914 0.003
Water temperature 0.807 0.652 0.209 18.721 4.601 —0.062 —4.327 0.001
HMD 0.740 0.548 0.239 12.106 3.689 —0.927 —3.479 0.006
Conductivity 0.789 0.623 0.218 16.511 4.876 —2.333 —4.063 0.002
TDS 0.740 0.547 0.239 12.083 3.843 —0.007 —3.476 0.006
DO 0.787 0.620 0.219 16.302 1.968 0.125 4.038 0.002
Phosphate 0.676 0.456 0.262 8.394 3.839 —11.609 —2.897 0.016
Sodium 0.827 0.683 0.200 21.560 2.002 0.221 4.643 0.001

The results of regression analysis performed between
the density of macro-invertebrates and the physico-chem-
ical attributes one by one revealed that the air temperature,
water temperature, HMD, conductivity, TDS, DO, phos-
phate and sodium concentrations were found to strongly
influence the macro-invertebrate diversity in the Tons river
of the Doon Valley, India (Table 8).

5 Discussion

Benthic aquatic insects are sensitive indicators of envi-
ronmental changes in streams because they express long-
term changes in water and habitat quality rather than
instantaneous conditions (Johnson et al. 1993). Physico-
chemical variables, such as water temperature, dissolved
oxygen, discharge, nutrients and substrate, influence com-
munity structure and function of aquatic insects (Resh and
Rosenberg 1984; Ward 1992). Invertebrate communities

are also good indicators of water quality conditions (Resh
1995; De Shon 1995). Furthermore, studies of temporal
variation in the community structure of streams (Fisher
et al. 1982; Scrimgeour and Winterbourn 1989) have
indicated that physical disturbances can be important
determinants of community structure in lotic systems
(Sousa 1984; Resh et al. 1988). The physical disturbances
in terms of water flow, temperature and substrates are the
major factors determining the composition and abundance
of benthic invertebrates (Ward and Stanford 1979).

Every species is restricted to a certain temperature
range. Lehmkuhl (1972) studied the influence of water
temperature variations on benthic communities. Ward and
Stanford (1979) also suggested that temperature pattern
influences the life cycle phenomenon of insects such as
emergence, which leads to an increase in density. Rela-
tionship between the mean density of macro-invertebrates
and water temperature was also found to be negatively
correlated (r = —0.92, p > 0.001) in the present study on
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the Tons river (Table 7). Similar results were also found
during the study on the river Chandrabhaga (Sharma et al.
2008). Maximum abundance of macro-invertebrates was
found during spring season (February—March) in the Tons
river, which may be due to increased growth efficiency of
insects during this period in addition to hydrological
attributes. However, the maximum abundance was also
reported by Sharma et al. (2004) in the Dhauliganga in
Nanda Devi Biosphere Reserve, India.

The abundance of benthic macro-invertebrates dwelling
in the Tons river was found to be increasing from October
to March and then gradually decreases from April. The
increase during October to March may be due to low tur-
bidity, increased transparency, low hydromedian depth,
low water velocity and high dissolved oxygen. The abun-
dance of macro-invertebrates in the Tons river was found
to be at the minimum during the monsoon season (July—
August). This can be explained by high turbidity, high total
dissolved solids, high water velocity and low dissolved
oxygen during the monsoon season. Emergence of insects
from the Tons river may also be one of the possible reasons
for the decrease in abundance during the monsoon season.

Diversity of macro-invertebrates was found to be
decreasing from April to June. This may be due to a sub-
stantive increase in water temperature. Water temperature
was inversely related with the diversity index (r = —0.81,
p > 0.001) in the Tons river of the Doon Valley. The same
kind of relationship was found by Sharma et al. (2004) in
the fluvial system of Dhauliganga. Several studies have
also found that insect taxa richness may be influenced
within the same stream ecosystem by annual water tem-
perature variations (Stanford and Ward 1982).

The diversity of macro-invertebrates has a negative
correlation with water velocity (r = —0.85, p > 0.001)
under the present study on the Tons river. Many aquatic
populations living in harsh environments of unpredictable
flow suffer high mortality directly through physical dis-
turbance (Cushman 1985); Erman and Mahoney (1983) and
Kamler (1967) also analyzed the results of the flow regime
on macro-invertebrate communities. Hence, the present
study confirms that high water velocity during the monsoon
season in the Tons river influenced the macro-invertebrate
density and diversity due to the unpredictable flow regime.

Dissolved oxygen was found to be positively correlated
with diversity indices of macro-invertebrates of the Tons
river in Doon Valley (r = 0.79, p < 0.001). Nelson et al.
(2000) have also shown that dissolved oxygen has a strong
influence on macro-invertebrate community structure.
They opined that the higher dissolved oxygen level in open
water habitats is necessary for substantive growth of
macro-invertebrate populations.

The fluvial ecosystem of the Tons river consisted of
bottom substrates ranging from sand to big boulders. Silt
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and clay were totally absent in the Tons river. The substrate
composition was also different at different sampling sites
(S1, S, and Sj3). The physical substrate types (leaves,
gravel, wood and macrophytes) generally support more
diversity than structurally simple substrates such as sand
and bedrock (Angradi 1996; Hawkins 1984). This can be a
good explanation for the high abundance and diversity of
macro-invertebrates at sampling site S3;, which has high
macrophyte growth in the Tons river. However, the river
bed is dominated by big boulders and cobbles.

The diversity of macro-invertebrates in the river Tons at
different sites was found to be in the order S; > S, > S,
along the river gradient. The annual mean macro-inverte-
brate diversity index was found to be highest (3.34) at S; and
minimum (3.30) at S;. The abundance of macro-inverte-
brates was also found to be highest at S5 in the present study
on the Tons river in Doon Valley. This variation may be due
to the variations in substrate combination as well the
hydrological attributes prevailing at all the sites. A host of
anthropogenic activities of the villagers of Guchchupani at
S| may be the cause for depletion of density and diversity in
macro-invertebrates of the Tons river at this sampling site.
The river Tons is the only source of water for daily domestic
activities like washing utensils and clothes for the people
inhabiting the village and thus polluting the water. There are
considerable anthropogenic activities (disposal of worship
offerings—sacred tree leaves, flowers, fruits, sweets, milk
and milk products) by the temple goers into the river at S,
which may be a good reason for the low density of macro-
invertebrates. At the sampling site S;, the river side is
dominated by macrophytes, thus providing a suitable niche
for the macro-invertebrates. Inspite of the differences in
substrate composition and other anthropogenic activities,
the macro-invertebrate diversity at all the three sites remains
fairly high, suggesting that the water quality of the Tons is
fairly good and supports diverse and well-balanced macro-
invertebrate communities in the Tons river of the Doon
Valley. Metcalfe-Smith (1996) also observed that the higher
the value of H' (Shannon-Wiener index) is, the greater the
diversity and supposedly the healthier the environment.
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