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Abstract— A limnological investigation was carried out in River Basantar in the Jammu province of Jammu & Kashmir
(India) during the period from December, 2009 to November, 2011 in order to analyse the effect of industrial pollution on
the diversity and population density of Macrobenthic invertebrate fauna along the longitudinal profile of the river. A total of
27 macrobenthic invertebrate taxa inhabited the river; among these Arthropoda dominated the macrobenthic community
(81.48%, 22 species) followed by Annelida (11.11%, 3 species) and Mollusca (7.41%, 2 species). The Discharge Zone (St I1)
had the highest mean standing crop of macrobenthic population while the lowest species number. Oligochaetes (Annelida)
and Dipterans (Arthropoda) exhibited their abundance at polluted sites whereas Odonates, Ephemeropterans, Hemipterans,
Coleopterans (Arthropoda) and Molluscs were abundant at least polluted sites. Tubifex tubifex, Branchiura sowerbyi,
Limnodrillus hoffmeisteri, Chironomus, Tubifera, Psychoda and Physa acuta were identified as pollution indicator taxa
while Progomphus, Cloeon, Baetis and Gyraulus as sensitive taxa.
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l. INTRODUCTION

Aquatic ecosystem is one of the most productive ecosystems in the world that inhabits a large proportion of the earth’s
biodiversity (McAllister et al., 1997 and Groombridge and Jenkins, 1998). Numerous plants and animals, ranging from
microscopic algae to large plants, from protozoan to mammals, exhibit a variety of adaptations which allow them to survive
and grow in water (Gopal and Chauhan, 2001). In the past, “‘Water’ the basic amenity for living organisms was pure, virgin,
undisturbed, uncontaminated and basically most hospitable for living organisms but the situation is just the reverse today
because progress in science and technology is also leading to pollution of environment and serious ecological imbalance
which in the long run, may prove disastrous for mankind (Chauhan, 2008), thereby affecting its ecological integrity to a
greater extent.

Macrobenthic invertebrates refer to the organisms that inhabit the bottom substrates (sediments, debris, logs, macrophytes,
filamentous algae etc.) of aquatic habitats, for at least part of their life cycle. The density of aquatic macrobenthic
invertebrate species and communities is controlled by a variety of environmental factors such as habitat characteristics
(Hynes, 1970; Peeters and Gardeniers, 1998), sediment quality (Chapman and Lewis, 1976), sediment grain size (Tolkamp,
1980), and by biological factors such as competition and predation (Kohler, 1992; MacKay, 1992; Macneil et al., 1999; Bhat
et al., 2011). Stream flow, nature of substratum and organic pollution generally regulates the species composition and
dominance of different taxa in various stretches of rivers (Negi and Singh, 1990; Bhat et al., 2011) and thus, macrobenthic
invertebrates constitute the most popular and commonly used group of freshwater organisms in assessing water quality
(Rosenberg and Resh, 1993). Benthic invertebrates have been favoured in environmental effects monitoring because they are
sessile or limited in their range of movement and therefore cannot avoid pollution (Gaufin, 1973). They are generally
abundant and can be found year round so are easily sampled. Since many aquatic species have a life span in water of
approximately a year, they provide an indication of water quality conditions over that period. Thus, benthic invertebrate
monitoring data provides a link between the effects of human activities on the physical and chemical properties of water and
aquatic ecosystem health (Norris and Hawkins, 2000).

River Basantar (the present study site) is a tributary of river Ravi and is an important water body of Jammu and Kashmir
State of India. It flows through the district Samba of Jammu region and is one of the main sources of drinking water for its
inhabitants. The establishment of an Industrial Growth Centre with large number of industrial units along the side of this
river causes direct discharge of the industrial waste into the river through drainage thereby severely deteriorating the water
quality of the river and thus drastically affected the overall ecology of river Basantar. In order to assess the impact of
pollution load on the diversity and distribution pattern of macrobenthic invertebrate fauna of river Basantar, a study was
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carried out for a period of two years i.e. from December, 2009 to November, 2011 at four pre-designated stations of river
Basantar viz. St I, I, 1l and IV (Fig 1). St | lie near the National Highway Bridge and is under continuous stress of
anthropogenic influences in the form of Cattle-bathing, washing of vehicles, fishing, drawing of water using electric motor
and mining of sand. St Il is about 2.2 km downstream from the Station | near Railway Bridge. It receives industrial effluents
from industrial drainage. St I11 lies 1 km downstream from Station Il. Sand mining, cattle bathing and drawing of water using
electric motor (by Gujjar community residing at the bank of the river) are the common activities at this station. St IV is about
3.5 km downstream from Station I11.

FIG1: SATELLITE VIEW OF RIVER BASANTAR-THE STUDY AREA (FROM GOOGLE).

Thus, the present study describes the response of macrobenthic fauna to the industrial pollution with regard to its species
composition and distribution in river Basantar so as to utilize the information so generated to devise proper strategies
regarding the monitoring and conservation of river Basantar.

1. MATERIAL AND METHOD
2.1  Physico-chemical Parameters

Some important physico-chemical parameters viz. Water temperature, Dissolved Oxygen and Biological Oxygen Demand
were analyzed by having monthly samples of sub-surface water at four pre-designated stations during the period from
December, 2009 to November, 2011. The water temperature and Dissolved Oxygen (DO) were recorded at the sampling sites
by mercury bulb thermometer and sodium azide modification of Winkler’s method respectively while Biological Oxygen
Demand (BOD) was analyzed by 3-day BOD test performed in the laboratory following Adoni (1985) and A.P.H.A. (1985).

2.2 Sampling of Macrobenthic Invertebrates

Macrobenthic invertebrate samples were collected monthly by using Ekmann’s dredge from the preselected stations. Four
bottom samples were taken from each station to minimize the sampling error. Samples collected were then sieved through
sieve no. 40 having 256 meshes per sg. cm (Edmondson and Winberg, 1971) and packed in labelled polythene bags. Samples
were washed in the laboratory; organisms were sorted and then preserved in 5% formalin or 90% ethylalcohol for further
identification.

2.3 Qualitative analysis

The qualitative analysis of preserved samples of macrobenthic invertebrate fauna was done by following Ward and Whipple
(1959), Needham and Needham (1962), Macan (1964), Tonapi (1980), Adoni (1985) and Pennak (1989).
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2.4 Quantitative analysis

Preserved samples of macrobenthic invertebrate fauna were subjected to quantitative analysis applying the formula: n
=0/a.s (10,000}, where n is the number of macrobenthic invertebrates per meter square, O is the number of organisms

counted, a is the area of metallic sampler in square meter and s is the number of samples taken at each station (Welch, 1948).

1. RESULTS AND DISCUSSION
3.1 Physico-chemical Parameters

The water temperature of river Basantar was recorded to be 19.17 °C £ 5.20 & 20.33°C + 6.21 at St I, 22.33°C + 557 &
23.50°C £ 6.36 at St Il, 23.75°C + 5.42 & 25.00 °C * 6.57 at St 11l and 25.83 °C + 7.05 & 25.58 °C + 6.79 at St IV during
the year 2009-10 & 2010-11 respectively. Dissolved oxygen content of river Basantar recorded during the present study
indicated that the annual mean Dissolved Oxygen at St I, St 11, St 111 & St IV during the first year was 6.55 mg/l + 1.53, 1.83
mg/l + 1.68, 3.97 mg/l = 1.34 and 6.42 mg/l = 1.69 respectively while during the second year it was found to be 8.77 mg/l +
2.6l at Stl,5.13 mg/l +2.02 at St 11, 6.80 mg/l £ 2.56 at St 111 and 9.13 mg/l £ 2.80 at St IV. At the confluence point (St 11),
a drastic decline, sometimes reaching to zero (the limit which is far below the tolerance level of aquatic organisms) was
recorded which may be attributed to the inorganic reducing agents such as H,S, ammonia, nitrite, ferrous ion and certain
oxidizable substances which tended to decrease dissolved oxygen in the water. Moreover, it can be rapidly removed from the
wastewaters by the discharge of oxygen demanding waste (Verma and Saksena, 2010). St 111 too had low DO concentration
as compared to St I & IV. Another important physico-chemical parameter studied was Biological Oxygen Demand (BOD)
which exhibited wide variations at different stations. The annual mean BOD concentration was recorded to be highest at St 11
(240.49 mg/l 229.50 & 185.60 mg/l 172.42) followed by St I11 (68.82 mg/l + 44.35 & 49.41 mg/l + 34.70), St IV (3.38 mg/l +
1.36 & 2.74 mg/l + 1.26) and the least concentration at St 1 (2.35 mg/l £ 0.92 & 1.99 mg/l + 1.01) during both the years
respectively. The higher concentration of BOD at St Il (the discharging point) & St 1l may be due to the consumption of
oxygen for the oxidation of large amount of industrial effluents. Mathur et al. (1991), Singh et al. (1999), Sharma et al.
(2000), Mishra and Tripathi (2003), Chavan et al. (2005), Rajaram et al. (2005), Jayalakshmi et al. (2011), Shinde et al.
(2011), Srivastava and Srivastava (2011) and Sujitha et al. (2011) also suggested such higher values of BOD at the stations
receiving industrial waste.

3.2 Macrobenthic Invertebrate Fauna

Present investigations on macrobenthic invertebrate fauna of river Basantar revealed the presence of three major Phyla
Annelida, Arthropoda, and Mollusca. In total, 27 macrobenthic invertebrate taxa were identified, of which 3 taxa belonged to
Annelida, 22 taxa to Arthropoda and 2 taxa to Mollusca (Table 1). Arthropoda dominated the macrobenthic community
(81.48%) whereas remaining phyla exhibited the lower percentages viz. Annelida (11.11%) and Mollusca (7.41%).
Dominance of Arthropoda among macrobenthic invertebrate community has also been observed by Coimbra et al. (1996),
Silviera et al. (2006) and Verma and Saksena (2010).

Maximum species (26 & 23) were found at St IV followed by 22 & 17 species at St I, 21 & 19 species at St 11l and a
minimum of 14 & 12 species at St Il during the first and second year of study respectively. The least number of species
observed at the discharge point (St 11) may be associated with the pollution load and decline in the concentration of dissolved
oxygen at this site. Abu-hilal et al. (1994), Hassan et al. (1995), El-sammak (2001) and Tabatabaie and Amiri (2010) also
observed lower diversity of macrobenthic invertebrates at polluted sites of the water bodies they studied. Singh (1997) also
registered a decline in the species number at polluted site reflecting that the sensitive species were gradually eliminated as the
pollution load increased. Johansson (1997), Flemer et al. (1999) and Wu (2002) noticed decreased species diversity in
response to decreasing dissolved oxygen; and the species composition was largely determined by differences in the tolerance
of the different species to oxygen deficiency.

Quantitatively, annual macrobenthic invertebrate population of river Basantar during both the years was highest at St Il
(22995 ind.m™ & 18401 ind.m™) followed by St 111 (3852 ind.m™? & 3744 ind.m?), St 1 (2196 ind.m™? & 1629 ind.m) and St
IV (1602 ind.m? & 1494 ind.m™) respectively (Table 1, Fig. 2). The highest mean annual abundance followed the similar
trend during both the years i.e. the highest at St Il (1916.25 ind.m? + 1310.92 & 1533.42 ind.m™ + 1633.59) and the lowest at
St IV (133.5 ind.m” + 76.88 & 124.5 ind.m” + 81.65). St I1l had the mean annual abundance of 321.0 ind.m™ + 265.11 &
312.0 ind.m™ + 282.45 while St | had 183.0 ind.m™ + 104.59 & 135.75 ind.m™ + 104.79 during the first and second year of
study period respectively.
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TABLE 1

ANNUAL ABUNDANCE (|ND.|\/|'2 + SD) OF MACROBENTHIC INVERTEBRATE COMMUNITY IN THE SAMPLING
STATIONS. IN PARENTHESES IS THE MEAN ANNUAL ABUNDANCE VALUE.

Phylum Annelida
Class Oligochaeta

= 9 10989 2088 45
Tubifextubifex | 2009-10 | 4 751 5 49) (915.75 £ 757.47) (174 + 185.37) (3.75 + 6.83)
7416 1863 36
2010-11 - (618 + 407.33) (155.25 + 171.24) (3 +5.61)
. : - 684 36 9
Branchiura sowerbyi | 2009-10 (57 + 72.96) (3+5.61) (0.75 + 2.49)
279 9
2010-11 - (23.25 + 29.27) ] (0.75 £ 2.49)
Limnodrillus 2009-10 i 243 63 9
hoffmeisteri (20.25 £ 25.75) (5.25 £ 5.76) (0.75 £ 2.49)
99
2010-11 - (8.25 + 12.97) ) ]
. 9 11916 2187 63
Total Annelids 2009-10 (0.75 + 2.49) (993 + 814.55) (182.25 +187.14) (5.25 £ 7.76)
7794 1863 45
2010-11 ; (649.5 + 436.58) (155.25 +171.24) | (3.75+5.76)
Phylum
Arthropoda
Order
Ephemeroptera
] 18 9 117 18
Caenis sp. 2009-10 (L5 + 3.35) (0.75 + 2.49) (9.75 + 13.48) (L5 £ 3.35)
36 99 18
2010-11 (3% 4.24) ] (8.25 + 10.69) (L5 +4.97)
) 225 27 207
Baetis sp. 2009-10 | (15 75 + 26.10) ] (2.25+3.90) | (17.25+17.80)
144 36 18
2010-11 (12 + 9.95) i (3+5.61) (1.5 +3.35)
369 2
Cloeon sp. 2009-10 (30.75 + 25.31) - ) (6 + 7.65)
T3 162
200011 | (1275 + 11.30) ] ] (135 + 20.95)
Total 2009-10 612 : . .
Ephemeropterans (51 +49.34) (0.75 + 2.49) (12 £ 16.97) (24.75 * 20.50)
333 135 198
201011 1 (57.75 + 21.88) ] (11.25+1520) | (165 20.40)
Order Diptera
) 54 7380 522 153
Chironomus sp. | 2009-10 | 4 5.4 5 81) (615 + 409.46) (435+50.22) | (12.75+15.35)
2010-11 36 9347 954 297
(3£6.71) (778.92 + 1259.51) (79.5£59.91) | (24.75 + 25.49)
52 1575 144 54
Pentanurasp. | 2009-10 (4.5 + 6.87) (131.25 + 142.37) (12 +14.39) (4.5 + 6.87)
675 153 36
2010-11 - (56.25 + 54.88) (12.75 + 25.04) (3 +4.24)
9 189 63 27
Tabanus sp. 2009-10 | 0 75 + 2 49) (15.75 + 15.20) (5.25 + 10.69) (2.25 + 3.90)
9 99 90 27
201011 1 (0,75 + 2.49) (8.25 + 15.35) (7.5 +10.28) (2.25 + 5.36)
81 162 27 36
Chrysops sp. 2009-10 (6.75 + 8.32) (13.5 + 14.47) (2.25 + 5.36) (3£5.61)
2010-11 99 - - 90
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(8.25 + 10.69) (7.5 + 10.28)
Culicoides sp. | 2009-10 (2.252173.90) (47.2552749.31) (.5 . 20.92) (3.75155.76)
2010-11 (L5 i83.35) (7.5 ; (1)0.92) © 1772.65) (2.252173.90)
Tubifera sp. 2009-10 (2.252173.90) (12.7515312.44) (10.51-'_-2 ?3.16) (5.256135.76)
2010-11 ; (5.256136.83) 3 132.61) (2-252175-36)
Psychoda sp. 2009-10 (0.75 ?_r 2.49) (11.2512518.05) (15 i83.35) (2.252177.46)
| | 2010-11 - (12 ilﬁgs) (1.5 i83.35) ]
Pseudoller)rTnophlla 2009-10 (9.7511112.97) 3 . 45 348.62)
201011 1 (525 2910.69) ] i (2-252;5-36)
Brachydeutera sp. 2009-10 - (64.5717;19.22) (9_751451 18.17) )
2010-11 - (11.2515512.79) (5.25659-34) i
Limnophorasp. | 2009-10 - ® 171%.61) (15 1181(;.36) (15 wl_t83.35)
2010-11 - (2.2521-75.36) (6 171%).61) (0.75 i 2.49)
Total Dipterans | 2009-10 (31.53;724.23) (917.2151205762.98) (107.2%2;?102.18) (39.754:39.31)
2010-11 261 10589 oy o
(21.75 + 17.80) (881.67 £1293.52) | (1215+10059) | (45 +45.60)
Order Odonata
Perithemis sp. 2009-10 (24 izeﬁ_w) - (2_252173.90) (3 13361)
2010-11 (11_25113,512_79) ] (3.754155.76) (10.511220.28)
Plathemis sp. 2009-10 (18 511%_09) - ) (9_7511110,69)
2010-11 (9_7511113.97) i (2_252175.36) (6 1772.65)
Progomphus sp. | 2009-10 (10.51126150.28) ] (0.75 i 2.49) (15 . 81(;.37)
2010-11 (26.253i531.70) i i (20.252i315.64)
Total Odonates 2009-10 (52.5613g9.88) - 3 134?.24) (27,7532323.08)
2010-11 (47.2552751.19) ] G 175.71) (36.754i124.50)
Order Hemiptera
Laccotrephes 2009-10 72 i 63 18
maculates (6 + 8.49) (5.25 £ 10.69) (1.5 + 3.35)
2010-11 (3.75?4.44) ] (0.75 Z 2.49) @3 13513.24)
Micronecta sp. 2009-10 45 246.87) - (0.75 i 2.49) (2,252173,90)
2010-11 (7.5 208.08) i (0.75 Z 2.49) (3.75155.76)
Total Hemipterans | 2009-10 (10.5112?2.64) - (6 J_r7122.90) (3,75155.76)
2010-11 (11_251 Bf 8.32) ) (15 i83.35) (6.758118.32)
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Order Coleoptera

. . 18 27
Cybister tripunctatus | 2009-10 (L5 + 3.35) - ) (2.25 + 5.36)
18 9
2010-11 (L5 + 3.35) - (0.75 + 2.49) ]
18
Paederus extraneus | 2009-10 - - - (1.5 + 3.35)
9
2010-11 - - - (0.75 £ 2.49)
. . 81 63 36
Dubiraphia sp. 2009-10 (6.75 * 6.50) ) (5.25 + 6.83) (3£5.61)
126 18 27
. 36 45
Helichus sp. 2009-10 (3+4.24) - ) (3.75 + 6.83)
36 27
2010-11 (3+5.61) } ) (2.25 = 5.36)
135 63 126
Total Coleopterans | 2009-10 (11.25 + 9.09) - (5.25 + 6.83) (10.5 + 11.52)
180 27 63
201011 1 (45 + 16.97) ] (2.25 + 5.36) (5.25 + 5.76)
1341
1881 11016 1602
Total Arthropods | 2009-10 | 156 754 101 12) (918 + 563.41) (133.5 + 109.97) (1}:.;3&)3)1
1323
1476 10580 1710
2010-11 (123 £ 97.16) (881.67 + 1293.52) (142.5 + 115.07) (17110'6245)i
Phylum Mollusca
Class Gastropoda
279 45 171
Gyraulusparvus | 2009-10 | (53 554 50.61) ] (375£576) | (14.25+15.79)
153 9 108
201011 | (1275 + 13.48) ] (0.75 + 2.49) (9£10.39)
27 63 18 27
Physa acuta 2009-10 (2.25 + 5.36) (5.25 + 5.76) (1.5 + 3.35) (2.25 + 5.36)
27 162 18
2010-11 - (2.25 + 3.90) (13.5 + 23.67) (1.5+3.35)
306 63 63 198
Total Molluscs 2009-10 (25.5 + 24.87) (5.25 + 5.76) (5.25 + 5.76) (16.5 + 14.62)
2010-11 153 27 o A
(12.75 + 13.48) (2.25 + 3.90) (14.25 + 24.22) (10.5 + 10.28)
Total Macrobenthic 2009-10 2196 22995 3852 1602
Invertebrates (183 + 104.59) (1916.25 + 1310.92) (321 + 265.11) (133.5 + 76.88)
9010-11 1629 18401 3744 1494
(135.75 + 104.79) | (1533.42 + 1633.59) (312 + 282.45) (124.5 + 81.65)

-Depicted “Absent”

Table 1 & Fig. 2 indicated that the annual abundance of annelids was highest at St Il (11916 ind.min the first year & 7794
ind.m? in the second year) as compared to other stations that was mainly contributed by oligochaetes (11673 ind.m™ in the
first year & 7695 ind.m™ in the second year) and may be attributed to the heavy pollution load at this station. St 111 also had
higher annual abundance of annelida among all other phyla and it was found to be 2187 ind.m™ during the first year and 1863
ind.m? during the second year of study. Oligochaetes, the main contributor to this peak, were reported to have their annual
abundance at this station to be 2124 ind.m? & 1863 ind.m during the Year 2009-10 & 2010-11 respectively. The present
observation corroborates with the findings of Hawkes (1979), Callisto et al. (2005) and Cupsa et al. (2009) who reported that
oligochaetes are dominant in severely polluted conditions. Aston (1973), Kaniewska-Prus (1983), Kulshrestha et al. (1991),
Heller and Ehrlich (1995) well opined that oligochaetes are very resistant and able to survive under oxygen deficit
conditions. Sinha et al. (1989) also linked the high BOD and low concentration of DO with the abundance of oligochaetes
owing to the higher bacterial activities which in turn become the food of the oligochaetes and thus forming the base of their
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dominance at such sites. Arimoro et al. (2007) reported that high nutrient enrichment and sedimentation at polluted sites are
known to favour the oligochaetes abundance. Slepukhina (1984), Yap et al. (2003), Gupta and Sharma (2005), Moretti and
Callisto (2005), Yoshimura (2008), Barquin and Death (2011) and Chowdhary and Sharma (2013) confirmed that there
existed inverse relationship of oligochaetes with dissolved oxygen and thus, the anoxic conditions at St Il & least dissolved
oxygen content at St Il of river Basantar favoured the growth of oligochaetes. Contribution to the peak of annelids by
oligochaetes has also been shown by Sawhney (2008). Fig. 3 indicated that among Oligochaetes, Tubifex tubifex registered
its highest abundance at St I1 and 111 (polluted sites). Its mean annual abundance at St Il was found to be 915.75 ind.m™ +
757.47 (2009-10) & 618.0 ind.m™ + 407.33 (2010-11) and at St 111 it was observed to be 174.0 ind.m™ + 185.37 (2009-10) &
155.25 ind.m™? + 171.24 (2010-11). On the contrary, St | & IV had least density of this species (Table 1). Verma and Saksena
(2010) also reported highest density of Tubifex in anoxic and polluted waters and thus considered it as pollution indicator
species. According to Slepukhina (1984), Lang (1985) and Barbour et al. (1996), the order Oligochaeta has a high tolerance
to a variety of stresses and its high abundance is a good indicator of pollution. Oligochactes, particularly Tubifex are
considered as the pollution indicator taxon (Howmiller and Beeton, 1971; Singh, 1997; Sturmbauer et al., 1999; Qadri and
Yousuf, 2004). Reddy and Rao (1987), Sinha et al. (1989) and Xiong et al. (2003) reported that the density of oligochaetes,
particularly Tubificidae (Brinkhurst and Jamieson, 1971; Fusari and Fonseca-Gessner, 2006) increased significantly with
increasing trophic state. Other taxa, Branchiura sowerbyi and Limnodrillus hoffmeisteri were also found abundant at
discharge point (St Il) owing to its tolerance to pollution load (Fig 3). Limnodrillus is known to be able to tolerate
unfavourable conditions such as low DO and high pollutant concentrations (Brinkhurst and Kennedy, 1965; Brinkhurst,
1967; Harrel and Smith, 2002). Richardson (1928), Singh (1997) and Yap et al. (2003) suggested that Limnodrillus is a
potential bioindicator for a polluted river ecosystem.
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FIG2: ANNUAL ABUNDANCE (IND.M'Z) OF MACROBENTHIC INVERTEBRATE COMMUNITY OF RIVER
BASANTAR.
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Among arthropods, the annual density of dipterans was found higher at polluted sites i.e. St 11 (11007 ind.m™? & 10580 ind.m"
%) and St 111 (1287 ind.m? & 1458 ind.m™) as compared to that of St IV (477 ind.m? & 540 ind.m?) and St | (378 ind.m? &
261 ind.m™) during first and second year of study respectively (Table 1, Fig. 2). The abundance of dipterans at the polluted
sites was mainly contributed by Chironomus sp. with the mean annual density of 615.0 ind.m™ + 409.46 & 778.92 ind.m™” +
1259.51 at St Il and 43.5 ind.m™ + 50.22 & 79.5 ind.m™ + 59.91 at St 111 during both the years respectively. Dipterans are
tolerant organisms (Lenat, 1993) and their abundance may indicate degraded conditions (Buckup et al., 2007) which justifies
its highest density at St Il, the discharge point. Henriques-Oliveira and Nessimian (2010) and Chowdhary and Sharma (2013)
identified order Diptera constituting largest density owing to the most abundant group Chironomidae. Highest abundance of
Chironomus sp. at St Il & 111 may be attributed to the reduced flow of water and high nutrient load due to industrial effluents.
Higher density of Chironomus sp. at polluted sites and least abundance or complete absence at less polluted sites is in line
with the findings of Gaufin (1957), Curry (1962), Gopal and Sah (1993), Barbour et al. (1996), Marques et al. (1999),
Arimoro et al. (2007), Buckup et al. (2007), Edokpayi et al. (2010), Verma and Saksena (2010), Chowdhary and Sharma
(2013). Moreover, the above taxon also survived the anoxic conditions observed particularly at St 11. In support to this,
Lindeman (1942) has already advocated that some red Chironomidae containing erythrocruorin can exist in the complete
absence of dissolved oxygen for a long period of time. Tudorancea et al. (1989), Heller and Ehrlich (1995) and Adeogun and
Fafioye (2011) also linked the higher abundance of Chironomus sp. to their tolerance to anoxic conditions that existed at the
discharge point (St 1) during the present study period. This affinity with the anoxic conditions may be due to their possession
of haemoglobin that transports dissolved oxygen (Tyokumbur et al., 2002) and this property may be advantageous for their
proliferation and colonization at polluted sites effectively out-competing with other taxa (Adeogun and Fafioye, 2011).
Moreover, due to their unique qualities like prolonged aquatic larval forms and their abundance in great concentrations
amongst others, chironomids have been used as bio-indicators in aquatic ecosystems (Rotimi and Iloba, 2009). Other dipteran
taxa viz. Tubifera and Psychoda showed their higher abundance at the polluted sites (St I & 111) while their density was very
low at the least polluted sites (St |1 & 1V) (Fig. 3).

Odonates had its higher density at St | (630 ind.m? & 567 ind.m?) and St IV (333 ind.m? & 441 ind.m) during the year
2009-10 & 2010-11 respectively as depicted in Table 1 & Fig. 2. On the contrary, odonates were reported entirely absent at
St Il and a very meager density was observed at St Il (36 ind.m? & 72 ind.m?). Verma and Saksena (2010) observed
odonate nymphs as inhabitants of freshwaters with rich oxygen and least/no pollution, thus, supporting the present results.
Emere and Nasiru (2009) also associated odonates with clean water. Absence of odonate taxon Progomphus at St 11 & 111
(polluted stations) during both the years as depicted in Fig. 4 may be due to its association with sand substrate (Assis et al.,
2004) as it burrows sand to obtain oxygen but the sedimentation of silt and organic material at these stations created a barrier
and does not allow it to get oxygen (Couceiro et al., 2006). Moreover, the dissolved oxygen profile of these stations was very
low which further restricted the abundance of this species at these stations.

Table 1 & Fig. 2 indicated that Ephemeropterans exhibited higher annual density at St I (612 ind.m™ and 333 ind.m™) while
least density at St Il (0 ind.m? & 9 ind.m?) during first and second year of study respectively. Pollution sensitive
ephemeropteran taxon Cloeon sp. was reported at St | (30.75 ind.m™ + 25.31 & 12.75 ind.m™ + 11.30) and St IV (6.0 ind.m™
+7.65 & 13.5 ind.m™ + 20.95) but was found absent at St I & 111 (Fig 4). Another sensitive taxon Baetis sp. had its higher
annual abundance at St I (18.75 ind.m™ + 26.10 & 12.0 ind.m? + 9.95 & St IV (17.25 ind.m™ + 17.80 & 12.0 ind.m™ + 9.95)
as compared to St Il where it registered its absence and at St 111 where the mean density was found to be 2.25 ind.m™ + 3.90
& 3.0 ind.m? + 5.61 during the first and second year respectively. Further, Cloeon sp. reappeared and Baetis sp. elevated its
annual abundance at St 1V thereby indicating the restoration of comparatively better habitat conditions at this station (Fig. 4).
Arimoro et al. (2008) also found Cloeon sp. and Baetis sp. completely absent at polluted site and thus, identified them as
pollution sensitive species. Edokpayi et al. (2000), Edema et al. (2002), Rueda et al. (2002), Walsh et al. (2002), Miserendino
and Pizzolon (2003), Nelson and Roline (2003), Ikomi et al. (2005) and Arimoro et al. (2007) declared Baetis sp. sensitive to
reductions in DO and associated its presence with the least polluted sites. Comparatively more number of ephemeropterans at
St | as compared to other stations may be due to the increased oxygen concentration as also suggested by Chowdhary and
Sharma (2013). Edema et al. (2002), Miserendino and Pizzolan (2003), Nelson and Rolin (2003), Arimoro et al. (2007),
Edokpayi et al. (2010) and Sawhney (2008) related the abundance of ephemeropterans with the dissolved oxygen content.
Merrit and Cummins (1978), Lenat (1983), Spanhoff et al. (2007), Mare-Rosca et al. (2008) and Emere and Nasiru (2009)
stated that the members of ephemeroptera are considered to be sensitive to environmental stress and their presence signified
relatively clean conditions. They prefer to live in unpolluted waters where they contribute to the secondary production
(Williams and Feltmate, 1992; Olomukoro and Ezemonye, 2007).
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The annual abundance of Hemipterans and Coleopterans revealed that it was highest at St | as compared to other stations
during both the years and it was reported to be 126 ind.m? (2009-10) & 135 ind.m? (2010-11) and 135 ind.m™ (2009-10) &
180 ind.m™ (2010-11) at this station respectively (Fig. 2). On the contrary, both the orders recorded their complete absence at
St I1. Spanhoff et al. (2007) also recorded coleopterans at least polluted sites and Camargo (1992) found them absent at
discharge point.

Least abundance of Mollusca was observed at St I1 (the discharge point) i.e. 5.25 ind.m™ + 5.76 during the first year and 2.25
ind.m? + 3.90 during the second year as shown in Table 1 which may be attributed to the pollution load at this station.
Similarly, St 111 also had less density of Mollusca in the first year (5.25 ind.m™ # 5.76). On the contrary, during the second
year, St I11 had higher molluscan abundance (14.25 ind.m + 24.22) during few months which were owing to the abundance
of Physa sp., a pollution indicator species (Fig. 3). Arimoro et al. (2008) and Verma and Saksena (2010) also opined that the
molluscan abundance was least at polluted sites but higher at the sites having rich dissolved oxygen content. Graf et al.
(2011) recorded a decline in molluscan fauna attributing to the pollution load from commercial sources; and water
abstraction as observed at St I11. A pollution sensitive taxon Gyraulus sp. registered its abundance in accordance with the
degree of pollution at different stations during both the years i.e. maximum abundance at St | followed by St 1V, St 11l and St
11 (279, 171, 45 and nil during the first year and 153, 108, 9 and nil respectively during the second year of study) as indicated
in Fig. 4. Verma and Saksena (2010) also identified the above genera at non-polluted sites rich in dissolved oxygen and good
water quality.
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It is pertinent to mention here that species number of macrobenthic invertebrate was highest at St IV rather than St | because
St 1V exhibited the presence of species that were inhabiting St | (comparatively sensitive species) as well as St 1l & 11l
(tolerant species) although their densities at this station were entirely different from rest of the stations. The abundance of
pollution tolerant species declined at St IV while reappearance/increase in density of sensitive species as found at St | was
evident at St V. Such downstream spatial recovery of macrobenthic invertebrate fauna has also been confirmed by Camargo
(1992).

V. CONCLUSION

The macrobenthic invertebrates play an important role in the assessment of ecological status of aquatic systems. The results
of present study revealed that the discharge of industrial effluents in to the river Basantar severely impacted the composition
and distribution of macrobenthic fauna inhabiting the river. The higher abundance of pollution tolerant taxa and
disappearance of sensitive taxa at the affected stretch of the river provided a clear picture depicting the deteriorating
ecological condition of the river. This piece of work shall be utilized to formulate necessary conservatory strategies for the
ecological restoration of the river.

REFERENCES
[1] A.P.H.A. (1985). Standard Methods for the examination of waste and waste water. 16th edition, American Public Health
Association, Washington, D. C.
[2] Abu-Hilal A.H., Adam A.B., Banat I.M. and Hassan E.S. (1994). Sanitary conditions in three creeks in Dubai, Sharjeh and
Ajman Emirates on the Arabian Gulf (UAE). Environ. Monit. Assess., 32(1): 21- 36. DOI:10.1007/BF00548149.
[3] Adeogun A.O. and Fafioye O.0. (2011). Impact of effluents on water quality and benthic macroinvertebrate fauna of Awba

stream and reservoir. J. Appl. Sci. Environ. Manage., 15(1): 105-113.
[4] Adoni A.D. (1985). Workbook on Limnology. Pratibha Publishers, C-10 Gour Nagar, Sagar, India.

[5] Arimoro F.O., Edema N.E. and Amaka R.O. (2008). Phytoplankton community responses in a perturbed tropical stream in the
Niger delta, Nigeria. Tropical Freshwater Biology, 17 (1): 37-52.

[6] Arimoro F.O., Ikomi R.B. and Efemuna E. (2007). Macroinvertebrate community patterns and diversity in relation to water
quality status of river Ase, Niger Delta, Nigeria. Journal of Fisheries and Aquatic Science, 2(5): 337-344.

[7] Assis J.C.F., Carvalho A.L. and Nessimian J.L. (2004). Composicéo e preferéncia por micro-habitat de imaturos de Odonata
(Insecta) em um trecho de baixada do Rio Ubatiba, Marica-RJ, Brasil. Revista Brasileira de Entomologia, 48(2): 273-282.

[8] Aston R. I. (1973). Tubificids and Water quality a review. Environmental Pollution, 5: 1-10.

[9] Barbour M.T., Gerritsen J., Griffith G.E., Frydenbourg R., Mccarron E., White J.S. and Bastian M.L. (1996). A framework for

biological criteria for Florida streams using benthic macroinvertbrates. Journal of the North American Benthological Society,
15(2): 185-211.

[10] Barquin J. and Death R.G. (2011). Downstream changes in spring-fed stream invertebrate communities: the effect of increased
temperature range? J. Limnol., 70: 134-146.

[11] Bhat S.U., Sofi A.H., Yaseen T., Pandit A.K. and Yousuf A.R. (2011). Macro Invertebrate Community from Sonamarg Streams
of Kashmir Himalaya. Pak. J. Biol. Sci., 14: 182-194.

[12] Brinkhurst R.O. (1967). The distribution of aquatic oligochaetes in Saginaw Bay, Lake Huron. Limnol. Oceanogr., 12: 137-143.
[13] Brinkhurst R.O. and Jamieson B.G.M. (1971). Aquatic Oligochaeta of the World. Oliver and Boyd, Edinburgh: 860p.

[14] Brinkhurst R.O. and Kennedy C.R. (1965). Studies on the biology of the tubificidae (Annelida, Oligochaeta) in a polluted stream.
J. Am. Ecol., 34: 429-443.

[15] Buckup L., Alessandra A.P.B., Bond-Buckup G., Casagrande M. and Majolo F. (2007). The benthic macr he benthic
macroinvertebrate fauna of highland str auna of highland streams in souther eams in southern Brazil: composition, diversity and
structure. Revista Brasileira de Zoologia, 24 (2): 294-301.

[16] Callisto M., Goulart M., Barbosa F.A.R. and Rocha O. (2005). Biodiversity assessment of benthic macroinvertebrates along a
reservoir cascade in the lower Sao Francisco River (Northeastern Brazil). Braz. J. Biol., 65(2): 1-6.

[17] Carmago J.A. (1992). Macroinvertebrate responses along the recovery gradient of a regulated river (Spain) receiving an industrial
effluent. Arch. Envir. Contam.Toxicol., 23: 324-332.

[18] Chapman M.A. and Lewis M.H. (1976). An introduction to the freshwater crustacea of New Zealand. William Collins, Auckland,
New Zealand.

[19] Chauhan B.S. (2008). Environmental Pollution. In: Environmental Studies. University Science Press, 113, Golden House,
Daryaganj, New Delhi.

[20] Chavan R.P., Lokhande R.S. and Rajput S.1. (2005). Monitoring of organic pollutants in Thane creek water. Natl. Environ Pollu.
Technol., 4(4):633-636.

[21] Chowdhary S. and Sharma K.K. (2013). Evaluation of macrobenthic invertebrates in the longitudinal profile of a river (Tawi),
originating from shivalik hills. Journal of Global Biosciences, 2(1): 31-39.

Page | 137



International Journal of Environmental & Agriculture Research (IJOEAR) ISSN.[2454-1850] [Vol-2, Issue-5, May- 2016]

[22]
[23]
[24]

[25]

[26]
[27]
[28]
[29]
(30]
[31]

(32]

(33]
[34]
(35]
[36]
[37]

(38]

[39]

[40]
[41]

[42]
[43]
[44]
[45]
[46]
[47]
(48]
[49]

[50]

Coimbra C.N., Graca M.A.S. and Cortes R.M. (1996). The effects of a basic effluent on macroinvertebrate community structure
in a temporary Mediterranean River. Environmental Pollution., 94(3): 301-307.

Couceiro M.A., Afreen F., Zobayed S.M.A. and Kozai T. (2006). Variation in the concentrations of major bioactive compounds
of St. John’s wort, Effects of harvesting time, temperature and germplasm. Plant Science, 170: 128-134.

Cupsa D., Birkas M. and Telcean I. (2009). Studies upon the structure and dynamics of the benthic macroinvertebrate
communities from two habitats of The Ier River’s Channel (Bihor county, Romania). Biharean Biologist, 3(1): 59-70.

Curry L.L. (1962). A survey of environmental requirements for the midge (Diptera, Tendipedidae). In: Tarzwell (ed.), Biological
Problems in Water Pollution. Transactions of 3rd seminar, USDHEW, PHS, Robert, A. raft Sanitary Engineering Centre,
Cincinnati.

Edema C.U., Ayeni J.O. and Aruoture A. (2002). Some observations on the zooplankton and macrobenthos of the Okhuo River,
Nigeria. J. Aqua. Sci., 17: 145-149.

Edmondson W.T. and Winberg G.G. (1971). A manual on the productivity in Freshwaters. Blackwell Scientific Publications,
Oxford: 358 p.

Edokpayi C.A., Okenyi J.C., Ogbeibu A.E. and Osimen E.C. (2000). The effect of human activities on the macrobenthic
invertebrates of Ibiekuma Stream, Ekpoma, Nigeria. Biosci. Res. Commun., 12: 79-87.

Edokpayi C.A., Uwadiae R.E and Njar C.E. (2010). Non-insect benthic phytomacrofauna and organism-water quality relations in
a tropical coastal Ecosystem: impact of land based pollutants. Journal of American Science, 6: 213-220.

El-Sammak A. (2001). Heavy metal pollution in bottom sediment, Dubai, united Arab Emirates. Bull. Environ. Contam. Toxical.,
26(2): 296-303.

Emere M.C. and Nasiru C.E. (2009). Macroinvertebrates as indicators of the water quality of an urbanized stream, Kaduna,
Nigeria. Nature and Science, 7(1): 1-7.

Flemer D.A., Kruczynski W.L., Ruth B.F. and Bundrick C.M. (1999). The relative influence of hypoxia, anoxcia and associated
environmental factors as determinants of macrobenthic community structure in a Northern Gulf of Mexico estuary. J. Aquat.
Ecosyst. stress and Recovery, 6(4): 311-328.

Fusari L.M. and Fonseca-Gessner A.A. (2006). Environmental assessment of two small reservoirs in southeastern Brazil, using
macroinvertebrate community metrics. Acta Limnol. Bras., 18(1): 89-99.

Gaufin A. R. (1957). The effects of pollution of a mid western stream, Ohio. J. Sic., 58(4): 197-208.

Gaufin A.R. (1973). Use of aquatic invertebrates in the assessment of water quality. In: Cairns J.J. and Dickson K.L. (eds.),
Biological Methods for the Assessment of Water Quality, STP 528. Philadelphia: American Society for Testing and Materials:
96-116 p.

Gopal B. and Chauhan M. (2001). Ecohydrology: Rediscovering freshwater ecology. In: Subramanian, V. and Ramanathan, A.L.
(eds.), Ecohydrology. UNESCO- IHP Series, New Delhi, Capital Publishing: 339- 354p.

Gopal B. and Sah M. (1993). Conservation and Management of rivers in India: Case study of the river Yamuna. Environmental
Conservation, 20(2): 243-253.

Graf D.L., Jorgensen A., Van Damme D. and Kristensen T.K. (2011). The status and distribution of freshwater molluscs
(Mollusca). In: Brooks E.G.E., Allen D.J. and Darwall W.R.T. (eds.), The Status and Distribution of Freshwater Biodiversity in
Central Africa. Cambridge, UK and Gland, Switzerland, IUCN: 48-61p.

Groombridge B. and Jenkins M. (1998). Freshwater Biodiversity: A preliminary global assessment. Cambridge, United Nations
Environment Programme-World Conservation Monitoring Centre, World Conservation Press.

Gupta K. and Sharma A. (2005). Macroinvertebrates as indicators of pollution. J. Environ. Biol., 26(2): 205-211.

Harrel R.C. and Smith S.T. (2002). Macrobenthic community structure before, during, and after implementation of the Clean
Water Act in the Neches River Estuary (Texas). Hydrobiologia, 474: 213-222.

Hassan E.S., Banat I.M. and Abu-Hilal A.H. (1995). Post-gulf war nutrients and microbial assessment for coastal waters of
Dubai, Sharjeah and Ajman Emirates (UAE). Environ. Int., 21(1): 23-32.

Hawkes H.A. (1979). Invertebrates as indicator of river water quality. In: Jones A. and Erisan L. (eds.), Biological Indicators of
Water Quality.

Heller J. and Ehrlich S. (1995). A freshwater Prosobranch, Melanoides tuberculata, in a hydrogen-sulfide stream. Journal of
Conchology, 35: 237-241.

Henriques-Oliveira A.L. and Nessimian J.L. (2010). Aquatic macroinvertebrate diversity and composition in streams along an
altitudinal gradient in Southeastern Brazil. Biota Neotropica, 10: 115-128.

Howmiller R.D. and Beeton A.M. (1971). Biological evaluation of environmental quality of Green Bay, Lake Michigan. Journal
of Water Pollution Control Federation, 43: 123-133.

Hynes H.B.N. (1970). The ecology of running waters. University of Toronto Press, Toronto, Ontario, Canada, Liverpool Univ.
Press: 555p.

lkomi R.B., Arimoro F.O. and Odihirin O.K. (2005). Composition, distribution and abundance of macroinvetebrates of the upper
reaches of River Ethiope, Delta State, Nigeria. The Zoologist, 3: 68-81.

Jayalakshmi V., Lakshmi N. and Singara Charya, M.A. (2011). Assessment of physicochemical parameters of water and waste
waters in and around Vijayawada. International journal of research in Pharmaceutical and Biomedical Sciences, 2(3): 1040-1046.

Johansson B. (1997). Behavioral response to gradually declining oxygen concentration by Baltic sea macrobenthic crustaceans.
Marine Biol., 129(1): 71-78.

Page | 138



International Journal of Environmental & Agriculture Research (IJOEAR) ISSN.[2454-1850] [Vol-2, Issue-5, May- 2016]

[51]

[52]
[53]

[54]
[55]
[56]
[57]
[56]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]

[72]
[73]

[74]
[75]
[76]
[77]
(78]

[79]

[80]

(81]

(82]

Kaniewska-Prus M. (1983). Geological characteristics of polisaprobic section of the Vistula River below Warsaw Pol. Arch
Hydrobiol, 30: 149-163.

Kohler S.L. (1992). Competition and the structure of a benthic stream community. Ecol Monogr, 62: 165—188.

Kulshrestha S.K.M., Srivastava M.P., Geoge R.S., Saxena A., Tiwari and Johri M. (1991). Seasonal variation is in
macrozoobenthic organisms of Mansarovar reservoir, Bhopal. Proc. Nat. Acad. Sci. India, 61(B)2: 153-162.

Lang C. (1985). Eutrophication of Lake Geneva indicated by the oligochaete communities of the profundal. Hydrobiologia, 126:
237-243.

Lenat D.R. (1983). Benthic macroinvertebrates of Cane Creek, North Carolina, and comparisons with other southeastern streams.
Brimleyana, 9: 53-68.

Lenat D.R. (1993). Using mentum deformities of Chironomus larvae to evaluate the effects of toxicity and organic loading in
streams. J. N. Am. Benthol. Soc., 21: 265-269.

Lindeman R.L. (1942). Experimental Simulation of Winter Anaerobiosis in a Senescent Lake. Ecology, 23: 1-13.

Macan T.T. (1964). A Guide to Freshwater Invertebrate Animals, Lowe and Brydone (Printers) Ltd., London.

Mackay R.J. (1992). Colonization by lotic macroinvertebrates: a review of processes and patterns. Can. J. Fish. Aquat. Sci., 49:
617-628.

Macneil C., Dick J.T.A. and Elwood R.W. (1999). The dynamics of predation on Gammarus spp. (Crustacea: Amphipoda). Biol.
Rev., 74: 375-395.

Mare-Rosca O., Marian M. And Mihalescu L. (2008). Distribution of the communities of Ephemeroptera, Plecoptera and
Trichoptera in the basin of Sasar River. Analele Universitatii din Oradea, Fascicula Biologie, 15: 36-40.

Marques M.M.G.S.M., Barbosa F.A.R. and Callisto M. (1999). Distribution and abundance of Chironomidae (Diptera, Insecta) in
an impacted watershed in south-east Brazil. Rev Bras Biol, 59: 553-561.

Mathur K., Sharma R.K., Nand K.C. and Sharma S. (1991). Water quality assessment of the river Chambal over the stretch of
National Chambal Sanctuary in Madhya Pradesh. Indian Journal of Ecology, 18(1): 1-4.

McAllister D.-E., Hamilton A.-L. and Harvey B.-H. (1997). Global Freshwater Biodiversity: Striving for the integrity of
freshwater ecosystems. Sea Wind, 11(3).

Merritt R.W. and Cummins K.W. (1978). An Introduction to the Aquatic Insects of North America. United States, Kendell/Hunt
Publishing.

Miserendino M.L. and Pizzolon L.A. (2003). Distribution of macroinvertebrate assemblages in the Azual-Quemquemtreu river
basin, Patagonia, Argentina New Zealand. J. Marine Fresh Water Res., 37: 525-539.

Mishra B.P. and Tripathi B.S. (2003). Seasonal variation in physico-chemical characteristics of Ganga water as influenced by
sewage discharge. Indian Journal of Ecology, 30(1): 27-32.

Moretti M.S. and Callisto M. (2005). Biomonitoring of benthic macroinvertebrates in the middle Doce River watershed. Acta
Limnologica Brasiliensia, 17(3): 267-281.

Needham J.G. and Needham P.R. (1962). A Guide to the Study of Freshwater Biology, 5th edition, Holden-Day, Inc., San
Francisco.

Negi M. and Singh H.R. (1990). Substratum as determining factor for bottom fauna in River Alaknanda. Proc. Indian Nat. Sci.
Acad., 56:417-423.

Nelson S.M. and Roline R.A. (2003). Effects of multiple stressors on the hyporheic invertebrates in a lotic system. Ecol.
Indicators, 3: 65-79.

Norris R.H. and Hawkins C.P. (2000). Monitoring river health. Hydrobiologia, 435: 5- 17.

Olomukoro J.O. and Ezemonye L.I.N. (2007). Assessment of the macro-invertebrate fauna of rivers in southern Nigeria. African
Zoology, 42(1): 1-11.

Peeters E.T.H.M. and Gardeniers J.J.P. (1998). Logistic regression as a tool for defining habitat requirements of two common
gammarids. Freshwater Biology, 39: 605-615.

Pennak R.W. (1989). Invertebrates of the United States, Protozoa to Mollusca, 3rd edition.

Qadri H. and Yousuf A.R. (2004). Ecology of macrozoobenthos in Nigeen lake. Journal of Research and Development, 4: 59-65.
Rajaram R., Srinivasan M. and Rajasegar M. (2005). Seasonal distribution of physico-chemical parameters in effluent discharge
area of Uppanar estuary, Cuddalore, south-east coast of India. Journal of Environmental Biology, 26(2): 291-297.

Reddy M.V. and Rao M.B. (1987). Structure of benthic in vertebrate population particularly tubificidae and chironomid Larvae
in a sewage polluted urban canal. Polln. Res., 6(2): 65-68.

Richardson R.E. (1928). The bottom fauna of the middle Illinois River, 1913-1925. Illinois Natural History Survey Bulletin,
17(X11): 391-472.

Rosenberg D.M. and Resh V.H. (1993). Introduction to Freshwater Biomonitoring and Benthic Macroinvertebrates. In:
Rosenberg D.M. and Resh V.H. (eds.), Freshwater Biomonitoring and Benthic Macro-Invertebrates, Chapman and Hall, New
York: 1-9p.

Rotimi, J. and lloba, B.N. (2009). Characterization of a southern Nigeria stream using chironomid larvae (Diptera:
Chironomidae) as bioindicator. Bioscience Research Communications, 21: 2.

Rueda J., Camacho A., Mezquita F., Hernanadez R. and Roca J.R. (2002). Effect of episodic and regular sewage discharge on
water chemistry and macroinvertebrate fauna of a Mediterranean stream. Water Air Soil Pollu., 140: 425-444,

Page | 139



International Journal of Environmental & Agriculture Research (IJOEAR) ISSN.[2454-1850] [Vol-2, Issue-5, May- 2016]

(83]
(84]

[85]
(86]
(87]
(88]
[89]
[90]

[91]

[92]
[93]
[94]
[95]
[96]

[97]
[98]

[99]

[100]
[101]
[102]
[103]
[104]

[105]
[106]

[107]

[108]

Sawhney N. (2008). Biomonitoring of River Tawi in the vicinity of Jammu City. Ph.D. Thesis. University of Jammu, Jammu.

Sharma H.B. Aggarwal P.K. and Prabha S. (2000). Water quality of sewage drains entering Yamuna river at Mathura (U.P.).
Journal of Environmental Biology, 21(4): 375-378.

Shinde S.E., Kantikar V.N., Muley S.P. and Nimbalkar R.K. (2011). Studies on the physico-chemical parameters of water and
zooplankton diversity in Khan river, Aurangabad district (MS) India. Bioscience Discovery, 2(2): 207-213.

Silviera M.P., Buss D.F., Nessimian J.L. and Baptista D.F. (2006). Spatial and temporal distribution of benthic
macroinvertebrates in a south eastern Brazilian river. Brazilian Journal of Biology, 66: 623-632.

Singh A.K. (1997). Abundance of macrobenthic organisms in relation to physico-chemical characteristics of river Ganga at Patna
(Bihar), India. Journal of Environmental Biology, 18(2): 103-110.

Singh H.P., Mishra J.P. and Mahaver L.R. (1999). Observation on biochemical and chemical oxygen demands of certain polluted
stretch of river Ganga. Journal of Environmental Biology, 20(2): 111-114.

Sinha M.P., Pandey P.N. and Mehrotra P.N. (1989). Some aspects of biological studies of an organically polluted urban stream in
Ranchi. Macrobenthic Fauna. The Indian Zoologist, 13(122): 79-83

Slepukhina T.D. (1984). Comparison of different methods ofwater quality evaluation by means of oligochaetes. Hydrobiol., 115:
183-186.

Spanhoff B., Bischof R., Bohme A., Lorenz S., Neumeister K., Nothlich A. and Kusel K. (2007). Assessing the impact of
effluents from a modern wastewater treatment plant on breakdown of coarse particulate organic matter and benthic
macroinvertebrates in a lowland river. Water, Air, & Soil Pollution, 180(1): 119-129.

Srivastava A. and Srivastava S. (2011). Assessment of Physico-Chemical properties and sewage pollution indicator bacteria in
surface water of River Gomti in Uttar Pradesh. International Journal of Environmental Sciences, 2(1): 325-336.

Sturmbauer C., Opadiya G.B., Niederstatter H., Reidmann A. and Dallinger R. (1999). Mitochondrial DNA reveals cryptic
oligochaete species differing in cadmium resistance. Molecular Biology and Evolution, 16: 967-974.

Sujitha P.C., Mitra D.D., Sowmya P.K. and Mini P.R. (2011). PhysicoChemical parameters of Karamana River Water in
Trivandrum District, Kerala, India. Int. J. Environ. Sci., 2 (2): 472-490.

Tabatabaie T. and Amiri F. (2010). The impact of industrial pollution on macrobenthic fauna communities. African Journal of
Environmental Science and Technology, 4(9): 547-557.

Tolkamp H.H. (1980). Organim-substrate relationship in low land streams. Thesis agricultural university-Wageningen.
Netherland: 221 p.

Tonapi G.T. (1980). Freshwater invertebrates of India (an ecological approach), IBH and Oxford Publication, New Delhi, India.

Tudorancea C., Baxter R.M. and Fernando C.H. (1989). A comparative limnological study of zoobenthic associations in lakes of
the Ethiopian Rift Valley. Arch. Hydrobiol. Suppl., 83: 121-174.

Tyokumbur E.T., Okorie E.T. and Ugwumba O.A. (2002). Limnological assessment of the effects of effluents on
macroinvertebrate fauna in Awba stream and Reservoir, Ibadan, Nigeria. The Zoologist, 1(2): 59-62.

Verma A.K. and Saksena D.N. (2010). Assessment of water quality and pollution status of Kalpi (Morar) river, Gwalior, Madhya
Pradesh: with special reference to conservation and management plan. Asian J. Exp. Biol. Sci., 1(2): 419-429.

Walsh C.J., Gooderham J.P.R., Grace M.R., Sdraulig S., Rosyidi M.I. and Lelono A. (2002). The relative influence of diffuse and
point-source disturbances on a small upland stream in East Java Indonesia: A preliminary investigation. Hydrobiologia, 487: 183-
192.

Ward H.B. and Whipple G.C. (1959). Freshwater Biology, IIED, John Wiley and Sons. Inc., New York.

Welch P.S. (1948). Limnology Methods, Mc Graw Hill Book Company, New York.

Williams D.D. and Feltmate B.W. (1992). Aquatic Insects. CAB International. ISBN: 0-85198-782-6. Xiii: 358p.
Wu R.S.S. (2002). Hypoxia-form molecular responses to ecosystem responses. Marine Poll. Bull., 45(1-12): 35-45.

Xiong J., Mei X. and Liu J. (2003). Comparative studies on community structure, Biodiversity of plankton and zoobenthos in
four lakes of different trophic states in China. Asian Fisheries Science, 16: 361-372.

Yap C.K., Rahim A,, Ismail A. and Tan S.G. (2003). Species Diversity of Macrobenthic invertebrates in the Semenyih River,
Selangor, Peninsular Malaysia. Pertanika J. Trap. Agric. Sci., 26(2):139-146.

Yoshimura M. (2008). Longitudinal patterns of benthic invertebrates along a stream in the temperate forest in Japan: in relation
to humans and tributaries. Insect Conservation and Diversity, 1: 95-107.

Page | 140



