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ABSTRACT: The present investigation was conducted in the remnants of old channel of Jia
Bharali called as Mara Bharali at Tezpur in the Sonitpur district of Assam during the period from
January to December, 2017. Five sampling stations were selected from Pumpani village (N-
26°45'10.52" and E-92°50'07.93") to Maithan (N-26°37'05.69" and E-92°49'34.34"), Tezpur where
Mara Bharali meets the river Brahmaputra. The 05 sampling stations has been demarcated as MB5
(Pumpani village, N-26°45'10.52" and E-92°50'07.93"), MB4 (Amlopam village, N-26°41'16.84"
and E-92°48'58.88"), MB3 (Dolabari village, N-26°40'00.65" and E-92°49'43.64"), MB2 (Porowa
Bridge, N-26°39'10.05" and E-92°47'49.28") and MB1 (Maithan, N-26°37'05.69" and E-
92049'34.34™) that covers a stretch of 16.5 km. The mean water temperature, transparency, TDS,
dissolved oxygen, free CO., hardness, alkalinity and pH were found to be within the WHO
permissible limits. However, turbidity was found to range between 58 NTU and 228.5 NTU which
is above WHO permissible limits. Twenty (20) species of aquatic insects belonging to 13 families
and 7 orders were identified from five sampling stations. Laccotrephes sp., Notonecta sp.,
Hydaticus sp. and Hydrophilus sp. were the most abundant species. Insect species were dominated
by the orders Hemiptera and Decapoda with 4 and 5 representatives of each respectively.
Moreover, six (6) molluscan species belonging to 5 different families, Viviparidae, Planorbidae,
Pachychilidae, Ampullariidae and Bithyniidae were identified with most dominant species being

Gyrulus convexiusculus, Brotia costula and Pila globosa.
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1. INTRODUCTION

On Earth, water circulation is one of the most important processes for the maintenance of the
environment. Pollution of these waters occurs through industrial or municipal discharges or runoff
from agricultural land, urban land or construction. As a result of pollution, aquatic organisms such
as macro-invertebrates and fish may become oxygen-stressed, which indeed increases mortality
rates of sensitive species [1]. Rapid industrialization, water abstraction and the extensive use of
pesticides in agriculture have severe strains on rivers and resulted in deterioration of water quality.
Freshwater habitats harbour diverse fauna, with fish and macro-invertebrates serving as prime
indicators of ecosystem status [2]. Riverine fauna show a high degree of endemism, with most
endemic fish species living in headwater streams and/or short stretches of river [3, 4]. It is very
important to assess the quality of river water. The surface water quality deteriorates due to
anthropogenic activities, industrialization, farming activities, transportation, urbanization, animal
and human excretions and domestic wastes. Aquatic organisms need a healthy environment.
Maximum productivity depends on optimum level of physicochemical parameters [5]. Aquatic
insects, an important component of aquatic ecosystems are very abundant and diverse group that
inhabits a variety of aquatic environments [6]. They play an important role in ecosystem
functioning and are used as bioindicator. These bioindicators have the advantage of monitoring
anthropogenic stress of an ecosystem over a long period of time [7]. The northeast Indian
biogeographic zone is most significant as it represents the transition zone between the Indian,
Indo-Malay and Indo-Chinese biogeographic regions, as well as a meeting-place of Himalayan
Mountains with those of Peninsular India [8]. In north-east India studies on aquatic insect
community are scanty in lotic systems and most of the studies were done in lentic systems [9].
Aquatic insect diversity of the study area has not been studied so far. The present study was
therefore conducted on physico-chemical parameters of river Mara Bharali and the diversity of
aquatic macro-invertebrate community with their distribution and abundance.

2. MATERIALS AND METHODS

Study area:

Sampling stations were selected in the old channel of Jia Bharali named as Mara Bharali from
Pumpani village (N-26°45'10.52" and E-92°50'07.93") to Maithan (N-26°37'05.69" and E-
92°49'34.34") where it meets river Brahmaputra. The 05 sampling stations has been demarcated as
MB5 (Pumpani village), MB4 (Amlopam village, N-26°41'16.84" and E-92°48'58.88"), MB3
(Dolabari village, N-26°40'00.65" and E-92°49'43.64"), MB2 (Porowa Bridge, N-26°39'10.05" and
E-92°47'49.28") and MB1 (Maithan) that covers a stretch of about 16.5 km.

Methodology

Studies on physico-chemical parameters of water

The water samples were collected from 02 sampling stations of river Mara Bharali (MB1 and
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MB2). The selected parameters were studied for a period of 01(one) year from January to

December, 2017 on a seasonal basis. For ecological study of the river, following aspects were
undertaken:

Physical parameters

1. Temperature: Water temperature was recorded by a mercury thermometer.

2. Transparency: Transparency was measured by Secchi disc.

3. Turbidity: Turbidity of the river water was measured by a turbidimeter.

4. TDS: Total dissolved solids (TDS) was determined with the help of a TDS meter.

5. Flow rate: Flow rate of the water body was measured by a flow meter.

Chemical parameters

1. Hydrogen-ion-concentration (pH): It was determined by an electronic pH meter.

2. Dissolved oxygen (DO): It was estimated as per modified Winkler’s method.

3. FCO: and total alkalinity was determined as per standard protocols [10].

4. Total hardness: The parameter was measured by EDTA titrimetrically, following methods

discussed earlier [10].
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Figl: Map showing the study area, R. Mara Bharali at Tezpur, Assam
Studies on macro-invertebrate diversity
Macro invertebrates (Arthropods and Molluscs) from each sampling stations (MB1, MB2, MB3,
MB4 and MB5) were collected using dragging net following standard protocols [11, 12]. Families
of macroinvertebrates present were preserved in 70% ethanol and transported to the laboratory for
further studies. Collected species were washed, photographed with the help of a digital camera and
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then identified as per methods discussed earlier [13, 14, 15, 16].

3. RESULTS AND DISCUSSION

In the present investigation seasonal variation of certain physico-chemical parameters of river
Mara Bharali has been studied together with macro-invertebrate diversity.

Assessment of physico-chemical parameters

Temperature

Mean water temperature was found to vary with atmospheric temperature and was found to be
maximum during post monsoon season at 33°C and minimum during winter at 21.6°C (Table 1).
Transparency

Transparency of water fluctuates from 21.8 cm to 65.3 cm. The maximum (65.3 cm) was recorded
in pre-monsoon season and minimum (21.8 cm) was recorded in monsoon season (Table 1).
Turbidity

Turbidity which is the measure of water clarity indicates the degree to which light entering a
column is scattered by suspended solids. Turbidity was found to be minimum at 58 NTU during
pre-monsoon and maximum at 228.5 NTU during post-monsoon (Table 1).

Total dissolved solids

Water is desirable for drinking up to a TDS permissible limit of 500 mg/L. The mean total
dissolved solid was found to range between 220 mg/L to 361.5 mg/L which was within the WHO
permissible limit. However, during the post monsoon the mean TDS was found to be maximum at
361.5 mg/L and minimum during winter at 220 mg/L (Table 1).

Flow rate

The mean flow rate was found to range between 0.47 m/s to 0.54 m/s. Maximum flow rate of
water was recorded during pre-monsoon at 0.54 m/s whereas the minimum was found to be 0.47
m/s during the post-monsoon season (Tablel).

DO

Dissolved oxygen (DO) content has a vital role for maintaining aquatic life and is susceptible to
slight environment changes. In the present investigation, DO value depleted in monsoon and was
found to be 6.9 mg/L whereas in post-monsoon season the mean dissolved oxygen value was
found maximum at 8.1 mg/L (Table 2).

FCO:2

The value of FCO2 was found to range from 7.2 mg/L to 21.2 mg/L (Table 2). The maximum value
(21.2 mg/L) was recorded in post-monsoon season and the minimum value of 7.2 mg/L was
estimated in pre-monsoon.

Hardness

The value of hardness fluctuates from 86.5 mg/L to 180 mg/L. The maximum value, 180 mg/L was
recorded in pre-monsoon and a minimum value of 86.5 mg/L was recorded in winter (Table 2).
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Alkalinity

Total alkalinity ranges from 115 mg/L to 167.5 mg/L. The maximum value (167.5 mg/L) was
recorded in pre-monsoon and the minimum of 115 mg/L was estimated during winter. During the
monsoon season the alkalinity was found to be 162 mg/L (Table 2).

pH

Significant difference was not found in pH during the assessment period. During the present
investigation it was found that during the pre-monsoon season the mean pH was 7.3, during
monsoon 6.8, post-monsoon 7.4 and in winter 7.05 (Table 2).

Distribution and abundance of macro-invertebrates

The study revealed the presence of 20 species of aquatic insects belonging to 13 families and 7
orders at five different sampling sites of river Mara Bharali (Table 3 & Fig. 2). The orders are
Ephemeroptera, Hemiptera, Trichoptera, Coleoptera, Decapoda, Diptera and Odonata. Insect
species were dominated by the orders Hemiptera and Decapoda with 4 and 5 representatives of
each respectively. The representative species of Hemiptera are Laccotrephes sp., Curicta sp.,
Micronecta sp. and Notonecta sp. The representative species of Decapoda include Macrobrachium
carcinus, Macrobrachium malcolmsonii, Macrobrachium choprai, Macrobrachium assamense
and Macrobrachium birmanicum. Moreover, 6 molluscan species has also been recorded from the
area of study. The molluscan species belonged to 5 different families and they are Viviparidae,
Planorbidae, Pachychilidae, Ampullariidae and Bithyniidae. Molluscs were dominated by
Gastropods with 5 representatives (Bellamya bengalensis, Gyrulus convexiusculus, Brotia costula,
Pila globosa and Gabbia sp.). Only, 1 representative of Bivalvia was identified from the area of
study (Lamellidens sp.). The Site-1, 4 and 5 were found to be rich in macro-invertebrate species
diversity and Site-1(MB1) was found to harbour all the 6 molluscan species collected and
identified from the riverine system. Among the insects, Laccotrephes sp., Notonecta sp.,
Hydaticus sp. and Hydrophilus sp. were the most dominant species. Gyrulus convexiusculus,
Brotia costula and Pila globosa were the dominant molluscan species in the aquatic system (Table
3 & Fig. 2).
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Season Temperature®C Tranaparency (cm) Turbidity NTU TDS mg/lit Flow rate m/s
MB1 | MB | Mean | MB | MB | Mean | MB | MB | Mean | MB | MB | Mean | MB | MB | Meann
Winter 212 | 22 | 216 | 50 | 70 60 | 106 | 365 | 713 | 290 | 220 | 255 | 0.60 | 0.40 | 0.50
Pre 275 | 28 | 27.7 | 55 | 755 | 653 | 98 | 18 58 250 | 190 | 220 | 0.66 | 0.42 | 0.54
Monsoon
Monsoon 31 32 | 315 | 185 | 25 | 21.8 | 250 | 198 | 224 | 370 | 320 | 345 | 0.50 | 0.48 | 0.49
Post 31 35 33 | 215 | 23 | 223 | 245 | 212 | 2285 | 378 | 345 | 361.5 | 0.54 | 0.40 | 0.47
Monsoon
Table 2: Means of different chemical parameters at sampling station MB1 and MB2 of Mara Bharali
Season Dissolved oxygen Free CO2 Hardness Alkalinity pH
MB | MB | Mean | MB | MB2 | Mean | MB | MB2 | Mean | MB1 | MB2 | Mean | Mean
Winter 85 | 74 | 795 | 145 | 162 | 154 | 85 88 86.5 | 120 | 110 115 7.05
Pre 74 | 68 7.1 66 | 7.8 7.2 | 185 | 175 180 180 | 155 | 167.5 7.3
Monsoon
Monsoon | 7.1 | 6.7 69 | 176 | 211 | 19.4 | 145 | 159 152 | 175.5 | 1485 | 162 6.8
Post 8.4 | 7.8 81 | 221 | 202 | 212 | 110 | 120 115 | 150.5 | 140.2 | 145.4 7.4
Monsoon
Value expressed in mg/lit
Table 3: Distribution of macro-invertebrate fauna of Mara Bharali river
SI. No. | Macro-invertebrate species Family Order Site Abundance
1 Isonychia sp. Isonychidae Ephemeroptera | MB(1,4,5) +
2 Caenis sp. Caenidae Ephemeroptera | MB(1,2,4,5) +
3 Diplonychus sp. Belostomatidae | Ephemeroptera | MB(1,2,3,4,5) ++
4 Laccotrephes sp. Nepidae Hemiptera MB(1,2,3,4,5) +++
5 Curicta sp. Nepidae Hemiptera MB(1,2,4,5) ++
6 Micronecta sp. Notonectidae Hemiptera MB(1,4,5) +
7 Notonecta sp. Notonectidae Hemiptera MB(1,3,4,5) +++
8 Stenopsyche sp. Stenopsychidae | Trichoptera MB(1,4,5) +
9 Hydaticus sp. Dytiscidae Coleoptera MB(2,4,5) +++
10 Macrobrachium carcinus Palaemonidae Decapoda MB(1,2,3,4,5) ++
11 Macrobrachium malcolmsonii | Palaemonidae Decapoda MB(1,,4,5) ++
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12 Macrobrachium choprai Palaemonidae Decapoda MB(1,4,5) +
13 Macrobrachium assamense Palaemonidae Decapoda MB(4,5) ++
14 Macrobrachium birmanicum | Palaemonidae Decapoda MB(1,2,3,4,) +
15 Chironomus sp. Chironomidae Diptera MB(1,2,3,4,5) +
16 Culex sp. Culicidae Diptera MB(1,2,3,4,5) +
17 Lestes sp. Lestidae Odonata MB(1,3,4) ++
18 Hydrophilus sp. Hydrophilidae | Coleoptera MB1 +++
19 Laccophilus sp. Dytiscidae Coleoptera MB(1,2,3) +
20 Dragon fly (nymph) Aeshnidae Odonata MB(1,4,5) ++
21 Bellamya bengalensis Viviparidae MB(1,4) ++
22 Gyrulus convexiusculus Planorbidae MB(1,5) +++
23 Brotia costula Pachychilidae MB(1,4) +++
24 | Pila globosa Ampullariidae MB(1,2,3,4,5) +++
25 Lamellidens sp. Ampullariidae | Unionoida MB(1,4) +
26 Gabbia sp. Bithyniidae Littorinimorpha | MB(1,4,5) ++
Hydaticus sp. Hydrophilus sp. Dragonfly (nymph)

X

Micronecta sp.

; 'V/\

Notonecta sp.

Lestes sp.
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Diplonychus sp. Laccotrephes sp. Gabbia orcula

Brotia costula Gyrulus convexiusculus Lamellidens sp.

Fig 2: Photographic representation of macro-invertebrates of river Mara Bharali

DISCUSSION

Different physico-chemical parameters are important in deciding the quality and productivity of an
aquatic system. Temperature is an important ecological feature that influences the behavioral
characteristics of organisms, solubility of gases and content of salts in water. The fluctuation of
temperature usually depends on the season, geographic location, sampling time and content of
effluents entering the river system [17]. In the present investigation, the water temperature was
found to vary with atmospheric temperature and was found maximum during post monsoon and
minimum during winter. Temperature exerts a strong influence on many physical and chemical
characteristics of water including the solubility of oxygen and other gases [18]. A higher
temperature depletes solubility of dissolved oxygen in water and reduces its concentration.
Vulnerability of organisms to the toxins e.g. cyanide, zinc, phenol and xylene is found intensified
as temperature increases [19]. Change in alkalinity is a result of change in pH. The pH value
increases due to the activity of photosynthetic algae which consumes CO: dissolved in water [20].
The pH of a water body has importance in determination of water quality as it chemically reacts
with remaining factors. Aquatic organisms are sensitive to pH fluctuations and their biological
treatment requires pH control or monitoring [21]. Significant difference was not found in pH
during the assessment period. The range of pH value (6.8 — 7.4) was found to be within the WHO
permissible limit. Turbidity which is the measure of water clarity indicates the degree to which
light entering a column is scattered by suspended solids. The Maithan site (MB1) had turbidity in
the range of 98 NTU to 250 NTU during the period of study. Comparatively, Porowa Bridge site
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(MBZ2) showed lower turbidity range of 18 NTU to 212 NTU. The turbidity of site MB2 was lower

than that of site MB1 which indicated high amount of suspended particles present at the Maithan
site and therefore more polluted than Porowa Bridge site. The WHO permissible limit for turbidity
of drinking water is between 5 — 25 NTU. As water became more turbid, less sunlight can
penetrate and therefore the rate of photosynthetic activity is lowered. In addition, suspended
materials absorbed heat from sunlight and raise the water temperature which indicate limited
amount of dissolved oxygen in water [22]. Turbidity of river water can be low or high depending
on the water current and sedimentation [23]. Total dissolved solid depends on various factors such
as geological character of watershed, rainfall and amount of surface runoffs and gives an
indication of the degree of dissolved substances [24]. Water is desirable for drinking up to a TDS
permissible limit of 500 mg/L. TDS in water is found due to content of carbonates, bicarbonates,
chlorides, phosphates and nitrates of calcium, magnesium, sodium, potassium, manganese, organic
matter salt and other particles [21]. The total dissolved solids ranged between 320 - 370 mg/L
during monsoon, 345 — 378 mg/L during post-monsoon, 220 — 290 mg/L during winter and 190 —
250 mg/L during pre-monsoon which are within the WHO permissible limits. Dissolved Oxygen
(DO) content has a vital role for maintaining aquatic life and is susceptible to slight environment
changes. Oxygen depletion often results during times of high community respiration and hence
DO has been extensively used as a parameter delineating water quality and to evaluate the degree
of productivity of water [25]. Dissolved oxygen affects the growth, survival, distribution, behavior
and physiology of aquatic organisms [26]. It is also found to be an important limnological
parameter indicating level of water quality and organic pollution in the water body [27]. In the
present investigation DO was found to be highest during post-monsoon and winter and it ranged
between 7.8 — 8.4 mg/L and 7.4 — 8.5 mg/L respectively. Seasonal variation in DO content was
related to temperature and biological activities [28]. The results were similar to as recorded earlier
[29, 30]. In the present study the mean water hardness value ranged between 86.5 mg/L and 180
mg/L. According to WHO, the permissible value is 500 mg/L. This proves that the water of the
Mara Bharali is suitable for the growth and production of fish. The use of living organisms for
monitoring water quality originated in Europe and it is widely used throughout the world. In the
present study the order Hemiptera and Decapoda was found most diverse and relatively abundant
in the stream. A study in the lower reach of Moirang River in Manipur and Bakuamari stream in
Assam also showed high Hemiptera diversity [31]. Moreover, also in Du river basin in northern
Vietnam, Hemiptera was found to be the most diverse order [32]. Change in community structure
is mainly due to changes in the geomorphology and the associated destruction of in-stream
physical habitats. The relatively more abundance or dominance of order Hemiptera in the stream
could be due to their modified body structure [33]. The dominancy of Gerridae and Veliidae of
order Hemiptera has also been recorded in the study of aquatic and semiaquatic Heteroptera
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(Insecta) in high altitudinal stream systems of Cuba [34]. The causes of fluctuations in insect

abundance, dominance and distribution include macroclimatic and microclimatic changes and
variation in the availability of food resources. Six molluscan species belonging to two classes and
five families has been identified so far from the area of study. A similar study was conducted on
the molluscan community of Bharathapuzha river in Kerala and thirteen species of molluscs
belonging to five orders, eight families and ten genera were reported [35]. Biodiversity studies of
molluscs from river Godavari reported 24 species of freshwater molluscs. The abundance of the
molluscan fauna indicates rich productivity. The species inhabiting bottom of the river play an
important role in converting organic matter into biomass which in turn is consumed by fishes.
Thus the molluscs help in secondary productivity and form an important component in the food
web of the river ecosystem [36]. The molluscan diversity of river Mara Bharali indicates that
productivity of the aquatic system is moderately rich.

4. CONCLUSION

In the present investigation seasonal variation of certain physico-chemical parameters of river
Mara Bharali has been studied together with macro-invertebrate diversity. Physical parameters
were found to within the permissible limits but turbidity was found to be minimum at 58 NTU
during pre-monsoon and maximum at 228.5 NTU during post-monsoon. These values were found
to be above the WHO permissible limit for drinking water quality (5-25 NTU). Regarding
chemical parameters, DO value depleted in monsoon and was found to be 6.9 mg/L whereas in
post-monsoon season the mean dissolved oxygen value was found maximum at 8.1 mg/L. During
the present investigation it was also found that during the pre-monsoon season the mean pH was
7.3, during monsoon 6.8, post-monsoon 7.4 and in winter 7.05. The values were within the range
of WHO permissible limit of 6.5 — 8.5. The study also revealed the presence of 20 species of
aquatic insects belonging to 13 families and 7 orders at five different sampling sites of river Mara
Bharali (Table 3 & Fig. 2). The orders are Ephemeroptera, Hemiptera, Trichoptera, Coleoptera,
Decapoda, Diptera and Odonata. Insect species were dominated by the orders Hemiptera and
Decapoda with 4 and 5 representatives of each respectively. Moreover, 6 molluscan species has
also been recorded from the area of study. The molluscan species belonged to 5 different families
and they are Viviparidae, Planorbidae, Pachychilidae, Ampullariidae and Bithyniidae. In future
investigations diversity index will be studied to evaluate the variety of a data group consisting of
different types of components. Features of a population such as number of existing species
(Richness), distribution of individuals equally (Evenness) and total number of existing individuals
underlie the basis of diversity indices. Thus, any changes in any of these three features will affect
the whole population. The diversity indices depending upon these features can be used effectively
to determine the changes in a population. Diversity index can therefore be used to measure
environmental stress.
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