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ABSTRACT The aim of this study was monitoring of benthic fauna to study the impact of pilgrimage on the stream 
Ban-Ganga. Selected physico-chemical water quality parameters were also analyzed at the selected five 

stations framed for the study. Phylum Annelida was the dominant group followed by Arthropoda and Mollusca at all 
the stations. Station III and IV, which were under the most anthropogenic stress showed the maximum abundance of 
pollution indicator groups while the Station I showed the abundance of EPT. Concomitantly, the variations in the limno-
logical parameters were also recorded. 

INTRODUCTION 
Assessment of changes in aquatic ecosystems can be ef-
fectively monitored using benthic fauna, as they play an 
important role in the transfer of materials from primary 
production through the detrital pool into higher trophic 
levels. Historically, invertebrates have received consider-
able attention in the study of running water ecosystems 
(Cummins, 1992). In particular, relationships between mac-
roinvertebrate community structure and environmental vari-
ables have been the subject of numerous investigations. 
Invertebrate communities are also good indicators of wa-
ter quality conditions (Resh, 1995). Furthermore, studies of 
temporal variation in the community structure of streams 
(Fisher et al., 1982; Scrimgeour & Winterbourn, 1989) 
have indicated that physical disturbances can be an impor-
tant determinant of community structure in lotic systems 
(Sousa, 1984; Resh et al., 1988). Presently, therefore, an 
endeavor has been made to study the macro- benthic in-
vertebrate bio- diversity of the stream Ban- Ganga in Katra 
in order to chart out the impact of anthropogenic stress on 
the stream. 

MATERIALS AND METHODS
Study area:
Ban- Ganga, a shallow water stream originates from Trikuta 
hills of Shivalik

Himalayas. The path of stream flowing and flanking the 
path leading to the holy shrine of Mata

Vaishno Devi (which is being visited by lakhs of pilgrims 
annually) is the most celebrated one. The path has been 
divided into 5 stations on the basis of various pollutants 
they receive:

1. Station 1: clean and pollution free.
2. Station 2: receives pony dung
3. Station 3: has bathing and washing activities, receives 

effluents from various dhabas situated on its bank. 
Flour balls are added by pilgrims to feed fishes.

4. Station 4: receives huge amount of kitchen waste from 
Gulshan Langer that caters thousands of pilgrims daily.

5. Station 5: station is quite far-away and has no anthropo-
genic interference.

Benthic Analysis: 
The soil samples were collected with sampler, washed 
through a sieve of 1 mm × 1mm mesh size to collect the 

benthic organisms. The washed sediment with the benthic 
macro-invertebrates were poured into a white enamel tray 
and sorted in the laboratory. For effective sorting, moder-
ate volume of water was added into the container to im-
prove visibility.

Forceps were used to pick large organisms while smaller 
ones were sorted out using soft brush. The macro-inver-
tebrates were poured into a wide mouth labeled plastic 
container and preserved with 5% formalin solution. The 
preserved benthos were later identified to their lowest taxo-
nomic group under light and stereo dissecting microscope 
and counted. The identification was done using the keys 
(Ward and Whipple, 1959, Needham, 1962, Tonapi, 1980). 

Water Analysis:
Water samples were collected from each station for the 
determination of physico- chemical parameters following 
APHA (1975):

Temperature: by mercury bulb thermometer
FCO2: by titrimetric method
DO: by modified Winkler’s Azide method
Cl- : by Argentometric method

RESULTS AND DISCUSSIONS
Results 
A. Macro benthic diversity
The results of benthic analysis tabulated in table 1 indicat-
ed that the stream is chiefly populated by three phyla viz; 
Annelida (represented by 4sps. of oligochaetes and 1 sp. 
of Hirudinea), Arthropoda (represented by 2sps of Coleop-
terans, 1 sp of Trichopterans and 5sps., of Ephemeropter-
ans) and Mollusca (represented by single species).

Presence of different groups of benthic organisms, when viewed 
along the profile from head to mouth, further revealed that:

Station I: 
was inhabited by Coleoptera (2 sps.), Odonata (1 sps.), 
Ephemeroptera (5 sps.), Trichoptera (1 sp), Diptera (2 sp), 
Oligochaeta (2 sp.), and Mollusca (1 sp.) except Hirudinea 
which was totally unrepresented here.

Station II:
showed the presence of Coleoptera (2 sps.), Ephemerop-
tera (3 sps.), Trichoptera  (1 sp), Odonata (1 sps.),  Diptera 
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(4 sp), Oligochaeta (3 sps.), and Mollusca (1 sp.). Few num-
ber of leeches were also observed but for a brief period. 

Station III: 
this station also lacked Hirudinea throughout the study 
period and exhibited the presence of Coleoptera (2 sps.), 
Ephemeroptera (3 sps.), Trichoptera  (1 sp), Odonata (1 
sps.),  Diptera (5 sp), Oligochaeta (4 sps.), and Mollusca (1 
sp.). 

Station IV: 
found the representation mainly of Diptera (5 sp), 
Oligochaeta (4 sps.), Hirudinea (1sp.), Mollusca (1 
sp.), Ephemeroptera (1 sps.), and Odonata (1 sps.). 
This station exhibited the complete absence of Co-
leopterans and Trichopterans throughout the study 
period.

Station V:
showed the presence of almost all benthic groups 
except Trichoptera whereas Ephemeroptera (4 sps.), 
Diptera (5 sps.) and Oligochaeta (3 sps.) exhibited 
their marked presence. Hirudinea Coleoptera, Odo-
nata and Mollusca were represented by single species 
each.

B. Water quality
Results of analysis of the water quality parameters tabulat-
ed in table2, revealed that

Water Temperature showed on increase descending towards 
station V which could be increase in the anthropogenic influ-
ences. Highest water temperature at St IV could be due to the 
fact that this site receives huge amount of kitchen waste from 
langer. Because of the additive effect of waste run off which is 
known to be thermally more heated the unusually high tem-
perature of the station is easily explainable (Panda et al., 1991).

Dissolved oxygen
was highest at St I as compared to other stations which 
speaks of its unpolluted condition while lowest at St IV which 
receives large amount of kitchen wastes and sewage as al-
ready stated.

Free carbon dioxide 
also increased along the longitudinal profile but maxi-
mum was recorded from St IV due to high sewage load. 
Also, the high temperature increases the decay and de-
composition process thus causing a rise in carbon dioxide 
level.

Chlorides were 
found in high amount at all the stations except for St I which 
could be due to its unpolluted status, while highest chloride 
was recorded at St IV. Presence of animal excreta and domes-
tic sewage could be reasoned for high chloride content ( Ku-
mar 1990).

Discussions
It is clear from the findings that in stream Ban- Ganga 
out of 3 major groups phyla Annelida contributed the 
most followed by Arthropoda and Mollusca. As the 
benthic fauna is bio- indicator of ecological conditions 
of any aquatic system (Sarang and Sharma, 2009), their 
presence or absence depicts the impact of anthropo-
genic stress at a particular site (Sharma and Chowdhary, 
2011). 

Abundance of group Annelida could be due to avail-

ability of soft bottom for borrowing and availability of 
food materials (Schenkova et al., 2001 and Nijboer et 
al., 2004). It could also be due to the organic matter en-
richment and deposition of algae and mosses on large 
stones and other hard substrates as these provide feed-
ing materials to the members of this group (Battish and 
Sharma, 1997; Baturina, 2012). Also, the prevailing physi-
co- chemistry of water provided them the suitable condi-
tions. 

Among arthropods, abundance of diptera could be due 
to the reason that this group has hemoglobin pigment in 
the blood that enables them the broad oxygen tolerance 
(Laguaze ‘re et al., 2009). Also, the group is found in all wa-
ter types from cleanest situations to the most polluted ones 
(Paine and Gaufin, 1956). The representatives of diptera 
found during the present study are regarded as the pollution 
indicators and their maximum number was found at St III and 
IV, the sites under anthropogenic stress which ultimately can 
be explained on the basis of less DO more FCO2 and Cl- 
(table 2).  Least abundance of Ephemeroptera, Trichoptera 
at such sites could be due to their sensitivity to environmen-
tal stress (Hall et al., 2006). Yap et al., 2003 also regarded 
EPT as the bio indicators of clean ecosystems. Abundance 
of Coleopterans at the upper reaches of the stream further 
confirmed that this group is the inhabitant of clean waters 
(Olomukuru and Dirisu, 2014)

Besides, other faunal groups, Molluscs also form an impor-
tant faunal component (Sarvankumar et al. 2009). Although 
phylum Mollusca had the least contribution to the overall 
benthic fauna, yet was mainly represented by class Gas-
tropoda. Gastropods play a vital role at the debris inter-
face as they consume living and decaying plant and animal 
materials (Brendan et al., 2007). Presence of Gastropods 
could be related to some levels of pollution (Garg et al., 
2009 and Sharma et al., 2013). 

Conclusion 
So, on the basis of the collected macro – benthic  inverte-
brates,  it can be said that the stream Ban- Ganga was a 
clean water stream being rich in diversity but the increas-
ing anthropogenic stress has deteriorated the conditions 
by favoring the pollution resistant species at the expanse 
of pollution sensitive species. 

Table1: representation of macro- benthic invertebrates 
along the various stations of stream Ban- Ganga during 
the years 1994 & 1995.
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Table 2:  showing the physico-chemistry of stream Ban 
-Ganga
Stations→

Parameters↓
St I St II St III St IV St V

Water temp(ͦ c) 20.4 21.04 20.09 23.26 22.68
DO (ppm) 6.66 5.88 5.66 3.79 5.12
FCO2(ppm) 3.92 5.10 5.56 8.11 7.15
Cl-(ppm) 7.95 8.87 9.42 12.5 11.2

Figure 1: Showing percental distribution of various ben-
thic at different stations of stream Ban – Ganga


