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Abstract: The fish assemblage and diversity in relation to water quality of three coastal rivers
Sita, Swarna and Varahi of Udupi district, Karnataka, India was studied. 71 species representing
7 orders, 20 families and 41 genera were recorded from 21 sites along the three rivers. Species
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composition varied longitudinally in relation to the environmental factors of the habitat. The

downstream change in the three rivers indicates that fish assemblage changed with increasing loss
of riparian canopy cover and increasing agricultural land-use. The richness and abundance of
fishes were correlated with land-use type, canopy cover, pH and turbidity. Diversion of water,
discharge of domestic sewage and agricultural runoff were prominent among the disturbances that

alter the habitat quality.
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Introduction

Faunal composition is distinct to geographic regions
because the diversity and distribution of animals
across a landscape can be interpreted in terms of their
responses to the habitat characteristics (Belanger and
Rodriguez, 2002). Tropical streams with their
diverse habitats and the faunal components are
commonly used to denote the unique features of
pristine landscapes. Under mounting pressure from
urbanization, this aquatic systems and their existence
is being threatened in a number of ways. Fish
communities despite their high degree of natural
variability, are indicators of ecosystem health
(Moyle, 1994) and hence the occurrence and
abundance of fish species can be associated to water
chemistry, physical habitat, and land-use activities to
provide a more complete picture of quality of water
and habitat across a river basin (Deacon and Mize,
1997). Further, freshwater fishes are poorly studied
group since information regarding distribution,
population dynamics and threats is incomplete, and
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most of the information is available from a few
locations. Modifications in the water and habitat
quality are mostly due to the forest removal,
urbanization, embankments and diversions for
irrigation and hydroelectric power stations (May and
Brown, 2002). The deterioration of water quality has
been recognized as a potential challenge which
directly impacts the aquatic organisms leading to
decline in diversity. Given the increasing pressure on
aquatic systems, documenting the available richness
and establishing accurate estimates of the magnitude
of biodiversity loss resulting from common human
disturbances, such as land-use change and habitat
loss, species invasions, and climate change is of
particular importance (Murphy and Romanuk,
2014).  Physico-chemical
important determinants reflecting the condition of
freshwater fish assemblages. It has been established
that habitat variables such as water temperature,
velocity, substrate, conductivity, depth and width,
altitude and distance from the source influence river

characteristics  are
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fish composition (Li et al., 2012).

Extensive work has been done during the last few
decades on freshwater fishes of Karnataka
(Arunachalam et al.,, 1997, Arunachalam, 2000;
Daniel, 2002; Bhat, 2003, 2004; Ashashree et al.,
2008; Vijaykumar et al., 2009; Heda, 2009;
Shahnawaz et al., 2010; Shivashankar and
Venkataramana, 2012; Ahmad et al., 2013; Anandi
et al., 2013). The database on freshwater fishes of
Karnataka based on various works lists about 201
freshwater fish species belonging to 9 orders, 27
families and 84 genera. Though details on the
distribution, habitat use and preferred substrate,
tropic category and niche occupied by species may
be available in literature, the ecology of many
species vary throughout the range with respect to the
changes in that region. In spite of such rich diversity,
literature concerning ecology and fish community
structure in Karnataka is scarce and little information
is available on the coastal rivers. This study
summarizes the composition and structure of fish
assemblages from three coastal rivers Sita, Swarna
and Varahi in southern part of Karnataka and the
relation of physico-chemical characteristics on the
fish communities of the respective rivers.

Materials and Methods

The Ichthyofaunal survey in three coastal rivers Sita,
Swarna and Varahi of Udupi district, Karnataka state
in India was carried out in 21 study sites (Fig. 1)
during the period from September 2007 to
September 2012. Selection of sites was randomly
made such that each river comprised 7 stretches with
varied environmental settings from upstream to the
downstream. These rivers are mostly rain-fed and the
magnitude of flow is related to rainfall. The River
Sita  originates from Narasimha Parvatha
(13°29'7"N; 75°0'36"E) and flows for about 56.5 km
in Udupi District and drains into Arabian Sea near
Mabukala. The River Swarna takes its origin at
Kuduremukh, (13°21'48"N; 74°49'54"E) and drains
into Arabian Sea near Kalyanapura. The Varahi
River has its origin at Hebbagilu (13°41'30"N;
74°59'35"E) near Agumbe in Shimoga district at an
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Figure 1. Sampling sites along the stretches of the three coastal
T1vers.

altitude of 730 m. There is a dam across Varahi River
constructed near Yadur of Hosanagar Taluk. Further
a hydro-electric power project is located at
Siddapura, Udupi district. Varahi River flows about
65 km from its origin to drain in the Arabian Sea near
Kundapura.

Sampling of fishes were made in different habitats
such as pools, riffles, runs and cascades using gill
nets (mesh sizes 10-34 mm), drag nets, scoop nets
and cast nets. Most samples were released back
immediately after capture, however few specimens
(5) of unidentified species were preserved in
buffered formalin (10%). Fish identification was
done using standard literature by Day (1875), Talwar
and Jhingran (1991) and Jayaram (2010). Water
samples were collected (in 2 liter PVC container)
from each site between 8 AM to 11 AM. Important
water parameters such as water temperature, pH,
conductivity, dissolved oxygen (DO), biological
oxygen demand for a five-day period (BOD) and
total dissolved solids of the stream water at each pre-
selected sampling sites were determined using
standard methods (APHA, 1998).
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Table 1. Fish species abundance and distribution in Rivers - Sita, Swarna and Varahi.
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Sl. Fish Species River Sita River Swarna River Varahi
No No Sp Ab No Sp Ab No Sp Ab
1 Hyporhamphus xanthopterus 1 0.05 8 0.73 0 0.00
2 Xenentodon cancila 31 1.52 20 1.81 9 1.00
3 Devario malabaricus 36 1.77 0 0.00 0 0.00
4 Devario aequipinnatus 39 1.91 20 1.81 16 1.79
5 Hypselobarbus curmuca 13 0.64 0 0.00 0 0.00
6 Hypselobarbus jerdoni 32 1.57 31 2.81 31 3.46
7 Hypselobarbus kolus 20 0.98 17 1.54 18 2.00
8 Hypselobarbus kurali 18 0.88 18 1.63 28 3.13
9 Labeo calbasu 12 0.59 6 0.54 6 0.67
10 | Oreichythys cosuatis 36 1.77 12 1.09 18 2.00
11 | Cirrhinus reba 52 2.55 20 1.81 11 1.23
12 Dawekinsa arulius 42 2.06 0 0.00 0 0.00
13 Dawkinsa filamentosa 83 4.07 63 5.72 11 1.23
14 Haludaria fasciata 35 1.71 12 1.09 8 0.89
15 | Haludaria pradhani 17 0.83 0 0.00 0 0.00
16 | Puntius amphibius 51 2.50 16 1.45 18 2.00
17 | Puntius chola 44 2.15 18 1.63 24 2.68
18 Puntius dorsalis 58 2.84 44 4.00 9 1.00
19 Puntius sahyadriensis 10 0.49 35 3.18 0 0.00
20 Puntius parrah 55 2.70 55 5.00 55 6.14
21 Puntius vittatus 30 1.47 17 1.54 17 1.90
22 | Pethiaticto 30 1.47 0 0.00 0 0.00
23 Systomus subnasutus 63 3.09 18 1.63 18 2.00
24 Salmophasia acinaces 57 2.80 20 1.81 20 2.23
25 Salmophasia boopis 30 1.47 0 0.00 9 1.00
26 | Barilius barna 58 2.85 20 1.81 20 2.23
27 Barilius bakeri 39 1.91 20 1.81 0 0.00
28 Barilius canarensis 37 1.81 18 1.63 6 0.67
29 Rasbora daniconius 18 0.88 31 2.81 23 2.57
30 Garra gotyla stenorhynchus 69 3.39 18 1.63 18 2.00
31 | Garramullya 28 1.37 0 0.00 0 0.00
32 | Balitora mysorensis 13 0.64 28 2.54 8 0.89
33 Bhavania australis 12 0.59 10 0.91 9 1.00
34 | Schistura denisoni 16 0.79 6 0.54 5 0.56
35 Schistura nagodiensis 4 0.20 0.00 0 0.00
36 | Aplocheilus lineatus 12 0.59 11 1.00 2 0.22
37 Microphis cuncalus 11 0.54 0 0.00 0 0.00
38 Megalops cyprinoides 16 0.79 9 0.82 0 0.00
39 Pseudophromenus cupanus 15 0.74 10 0.91 11 1.23
40 Glossogobius biocellatus 4 0.20 0 0.00 0 0.00
41 Glossogobius giuris giuris 23 1.13 18 1.63 16 1.79
42 Sicyopterus grisseus 18 0.88 16 1.45 9 1.00
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Table 1. Fish species abundance and distribution in Rivers - Sita, Swarna and Varahi (Continued).

43 Chanda nama 17 0.83 23 2.09 11 1.23
44 Parambassis thomassi 39 191 13 1.18 9 1.00
45 Channa marulius 18 0.88 16 1.45 13 1.45
46 Channa orientalis 20 0.98 9 0.82 16 1.79
47 Channa striatus 18 0.88 0 0.00 13 1.45
48 Pristolepis marginata 0 0.00 9 0.82 0 0.00
49 Horabagrus brachisoma 16 0.79 10 0.91 11 1.23
50 Mystus armatus 29 1.38 8 0.73 17 1.90
51 Mystus cavasius 12 0.59 5 0.45 9 1.00
52 Mystus gulio 20 0.98 18 1.63 12 1.34
53 Mystus malabaricus 12 0.59 12 1.09 20 2.23
54 Mystus montanus 0 0.00 8 0.73 0 0.00
55 Mystus oculatus 20 0.98 18 1.63 16 1.79
56 Clarias batrachus 6 0.29 17 1.54 12 1.34
57 Heteropneustes fossilis 8 0.39 0 0.00 0 0.00
58 Pseudeutropius mitchelli 22 1.07 9 0.82 10 1.12
59 Ompok malabaricus 24 1.18 12 1.09 16 1.79
60 | Ompok pabda 0 0.00 12 1.09 0 0.00
61 | Ompok pabo 20 0.64 10 0.91 10 1.12
62 | Wallago attu 0 0.00 6 0.54 0 0.00
63 Mastacembalus armatus 13 0.98 5 0.45 11 1.23
64 Etroplus canarensis 24 1.17 22 2.00 18 2.00
65 Etroplus maculatus 48 2.36 0 0.00 12 1.34
66 Etroplus suratensis 27 1.32 18 1.63 17 1.90
67 Oreochromis mossambicus 38 1.86 12 1.09 12 1.34
68 Carinotetraodon travancoricus 22 1.07 0 0.00 0 0.00
69 Gerres erythrourus 0 0.00 0 0.00 8 0.89
70 Gerres limbatus 0 0.00 0 0.00 9 1.00
71 Gerres filamentosus 0 0.00 0 0.00 13 1.45

The length of each study site was about 100 m, a
length sufficient to characterize the fish assemblage
and to encompass all habitat units (Lyons, 1992). At
each site, habitat variables such as stream width,
depth, water velocity, canopy cover, and land use
were measured or visually estimated along transects.
Spherical densiometer was used to measure riparian
canopy cover. Stream discharge was measured with
an electronic flow meter, water transparency was
measured with a secchi disk. Stream width was
measured with measuring ropes at transect where
flows were recorded and mean depth was calculated
from the depths recorded during flow measurements.
Land-use category was analyzed for a 50-m-wide
region along each side of the stream upstream from

the site. The categories were forested area,
agricultural sites, grazing area and habitation
expressed as % of the total area.

The relationship between the water quality
parameters and the fish abundance and species
richness were determined by Principal Component-
Analysis (PCA) and Canonical Correspondence
Analysis (CCA) using PAST (1.89) freeware
(Hammer et al., 2001).

Results

Fishes collected during the study comprised of 71
species representing 7 orders, 20 families and 41
genera from the 21 study sites of the three rivers
(Table 1). Cypriniformes was the species rich group
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Table 2. The mean values (+SD) and ranges of different Physico-chemical parameters of Sita, Swarna and Varahi rivers of Udupi District,

Karnataka, India.
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SITARIVER SWARNA RIVER VARAHI RIVER

Parameter Mean (xSD) Range Mean (£SD) Range Mean (£SD) Range
Air temp (°C) 29.28 £1.79 27-32 29.42+1.71 27-32 29.14 +1.06 28-31
Water temp (°C) 2501141 23-27 25.57 £1.27 24-27 25+1.15 24-27
pH 6.95+0.35 6.3-7.4 6.97 +0.31 6.5-7.4 6.87 £ 0.26 6.5-7.3
DO (mg.L™) 5.24+1.02 3.6-6.1 6.75+0.82 5.1-7.5 5.37+1.33 3.2-6.9
Total Hardness (mg.L?) 14.7+1.11 13-16 13.71+£1.49 12-16 14.42 £ 0.97 13-16
Alkalinity (mg.L?) 0.1+0.01 0.03-0.08 0.05+0.01 0.04-0.07 0.05+0.01 0.04-0.06
TDS (mg.L?) 32.27+1.84 29.4-345 31.0+1.48 27.2-34.8 33.3+2.02 30.3-35.8
Turbidity (NTU) 38+18 1-6 3.7+213 1-7 4+£216 1-7
Conductivity (uS.cm) 53+4.24 48-59 71.71+£7.12 50-82 48.14 + 6.38 42-58

Table 3. Principal Component Analysis of water quality parameters as studied from Rivers Sita, Swarna and Varahi.

Variables Code Axis 1 AXis 2 Axis 3
Water temperature WT -0.0883 -0.2257 0.848
pH pH 0.9099 -0.1559 -0.1907
Dissolved Oxygen DO 0.2181 -0.4889 0.5561
Conductivity Cc -0.8831 0.4079 0.05089
Turbidity T -0.8963 0.2029 0.1376
Total Dissolved Solids Ds 0.3371 -0.6974  0.1849
Mean width Wwid -0.5599 -0.6198 -0.2821
Velocity \Y% 0.5495 0.5113 0.3674
Stream depth dep -0.1409 0.4415 0.4109
Land-use type LU 0.6984 0312  -0.2036
Canopy cover Co 0.7006 0.3169 0.1047
Eigen value 4.193 2.046 1.55

38.12 18.60 14.15

% variance explained

Values bold are significant.

among the assemblage composition followed by
other orders and this was consistent throughout the
survey in all the three river samplings. Species
representing the family Cyprinidae were dominant
with higher abundance, followed by Bagridae
(Catfishes) and Balitoridae (LLoaches). As for river
wise species richness, Sita River recorded 64 species
(7 orders, 18 families and 38 genera), Swarna river
54 species (6 orders, 14 families and 36 genera) and
Varahi river 52 species (5 orders, 14 families and 33
genera). Dawkinsa filamentosa and Garra mullya
were prevalent in all the study sites of Sita River.
Only represented exotic species was Oreochromis

mossambicus which was predominant in the lower
reaches of the river. Pristolepis marginata, Mystus
montanus, Ompok pabda and Wallago attu were
unique to river Swarna. Gerres erythrourus,
G. limbatus and G. filamentosus were recorded only
from the lower reaches of river Varahi. Species
evenness was higher in the upstream sites than the
other sampling locations in all the three river
systems.

Water quality variables of the sampling stations of
the three rivers were provided in Table 2.
Environmental variables were subjected to Principal

Component Analysis (PCA) and sites were
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Figure 2. Principal component analysis biplot for environmental variables and sampling sites.
distinguished in relation to their influence on the variables such as turbidity, conductivity and

system (Table 3). The PCA yielded five principal
components (Eigen values>1) which altogether
explained 80% of the variance in the data. The first
two components alone explained 56.7% of the
variance (Fig. 2). Conductance, turbidity and pH are
significant and showed higher loadings than other
variables. Factors land-use and canopy cover
contributed to discriminating between sites of the
three rivers. Water temperature had highest loadings
on the PC3. pH values varied between sites, however
the trend decreased from upstream sites towards
downstream gradually. Canopy cover (%) was
higher and land-use category was unaltered
evergreen forests in sites close to the source of the
river systems. Turbidity and conductivity values
were higher in the downstream in all the three rivers.
PCA results also indicate that the patterns of
variations in physico-chemical variables among the
three rivers and between the sampling sites are
represented by patterns of variation in the habitat
characteristics governing the respective sites.
Species richness was influenced by water quality

alkalinity. Fish diversity was inversely proportional
to the level of turbidity, lower the turbidity higher the
diversity. Species also differed with respect to level
of turbid conditions of the sites. Dawkinsa
filamentosa, Xenentodon  cancila, Devario
aequipinnatus, Glossogobius giuris and Etroplus
suratensis were abundant and distributed widely.
Cyprinids in general occupied clear and shallow
habitats. Oreochromis mossambica was the non-
native species that has naturalized in most of the
sites. Heteropnuestus fossilis occurred only in
limited sites of the three rivers.

The first and second canonical axes of CCA
explained roughly 36% and 20% of the general
variance, respectively (Fig. 3). The CCA axis 1 was
influenced much by the habitat morphological
features land-use category and percent canopy cover
rather than the water quality parameters. Factors
velocity, pH and depth were correlated but were
however unrelated temperature, hardness,
conductivity and width. The ordination plane, on the
basis of environmental factors, divided the fish

to
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Figure 3. Canonical Correspondence Analysis biplot for environmental variables and fishes.

assemblage into groups irrespective of the family
they represent. The group defined by land-use
category preferred the sites close to undisturbed
evergreen forests the species composed of rare and
specialized forms such as Bhavanaia australis (Ba),
Sicyopterus griseus (Sg), Mastacembeles armatus
(Ma), Horabagrus brachysoma (Hb) and Garra
gotyla stenorfiyncus (Ggs). The same group was also
positively influenced by the factors percent canopy
cover, velocity and pH.

The second group in the ordination segregated based
on the habitat depth, species that preferred shallow
to moderate depth Xenentodon cancila (Xc),
D. filmentosa (Df), Puntius amphibius (Pa),
Pristolepis marginata (Pm), Parambassis thomassi
(Pt) and Hypselobarbus kurali (Hk) formed a cluster.
The other group that occurred in deeper stretches of
the river systems was predominately of bagrid cat
fishes Clarias batrachus (Cb), Mystus gulio (Mg),
M. oculates (Mo) and a few cyprinids Rasbora
daniconius (Rd) and Hypselobarbus kolus (Hko).
Other species not found in the above groups, notably
Channa orientalis (Co) occurred in turbid waters
influenced by low flow and high alkaline conditions
most of these sites were adjacent to agricultural land.
The study reveals that the environment and habitat

variables influence fish assemblage structuring in the
Rivers Sita, Swarna and Varahi.

Discussion

Differences in fish communities in the three river
systems reflect the water quality, habitat structure
and the land-use pattern they flow through.
Cyprinids dominated the species list comprising
most of the endemic species as has been reported
previously by other studies (Pethiyagoda, 2006;
Senthilmurugan and Prabahar, 2012) in South Asian
streams. The dominance of cyprinids in the tropical
Indian rivers is due to their high adaptive variability
(Johnson and Arunachalam, 2009) and the
availability of extensive heterogeneous habitat
structure (Bhat, 2004). Our observation that the
catfishes and loaches are dominant next to cyprinids
and they co-occur with cyprinids in appropriate
habitats was similar to the study in river systems of
the Central Western Ghats (Bhat, 2003) and the
Bhadra River (Shahnawaz et al., 2010) of Karnataka.
Gerres erythrourus, G. limbatus and G. filamentosus
are estuarine fishes able to withstand the salinity
variations and move between the river and the sea
through the river mouth. Insectivore species were
dominant in streams with good canopy cover and
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substrates due to the availability of terrestrial and
aquatic insects that constitute major part of their diet.
As for the distribution of fishes based on trophic
category the omnivore species increased in a
downward direction towards lowland. This was
because the nature of food depends to a great extent
upon the nature of environment (Bhuiyan et al.,
2006) and species diversity in a given area is the
result of stochastic ecological and evolutionary
factors that interact on both local and regional scales
(Leibold and Mcpeek, 2006).

Physico-chemical variables of lotic systems are
considered as important factors in structuring fish
assemblage (Marchetti and Moyle, 2001; May and
Brown 2002). Turbidity, pH and conductivity
influenced the fish diversity and distribution in the
present study. Increase in turbidity showed a decline
in fish species however the species count was
adjusted by few carnivore species known to occur in
turbid and deep habitats. The species richness and
abundance were higher in clear steams as penetration
of sunlight into the water favored the algal growth
supporting benthic feeders and algal scrapers like G.
mullya. The higher turbidity levels could be due to
higher suspended solids by human activity.
Increasing trend in total dissolved solids may
probably be due to stagnation at least at some
stretches (Campos et al.,, 1992). The high
conductivity may be due to greater ionic
concentration of inlet flow (Oliveira, 2004). It was
related to total dissolved solids content and its value
becomes higher with proportional increase of the
degree of pollution (Prabhakar et al., 2012), which
consequently impacts fish diversity, as evident in
some sites during this study.

Dissolved Oxygen (DO) fluctuate between sites and
is dependent on flow and the organic matter content
at the particular site, thus could vary between sites
and rivers (Bhalla et al, 2007). Variation in water
temperature is regarded as one of the most important
factors of environmental variability in rivers as it
influences the chemical, biochemical and biological
characteristics of the water body and the fish
production (Rashleigh, 2004). Width and depth

varied between sites irrespective of its position from
its origin, flow regulation due to various activities in
its course could be the reason. Variations in pH,
conductivity and turbidity could be the effect of
municipal sewage and the pollution especially due to
discharge of effluents from small industries along the
stretches of these rivers. Transformation of the
surrounding landscape, removal of riparian
vegetation agricultural activities adjacent to river
lead to increasing nutrient concentrations, mainly of
inorganic nitrogen (Pizarro et al., 2010). Moreover,
water flow and habitat modifications associated with
urbanization and deforestation also influence the
habitat quality (Vyas et al., 2012; Ahmad et al.,,
2013).

A variety of factors like water quality, habitat
availability, flow variability and nutrient supplies
from riparian habitats control the abundance and
distribution of river fishes. Such environmental
variables are easier to predict than other biotic
variables like predation and competition. The present
results corroborate with the established fact that
environmental factors have great impact on both
species richness and the trophic structure of fish
assemblages (Pouilly et al., 2006). The diversity and
distribution of fishes of any aquatic system depends
on the certain features like type of the ecosystem,
water level fluctuations, morphometric features and
bottom that have great implications. The unique
distribution and variation in fish species observed
during our study among the three rivers is likely
because of variation in natural environmental
features like geographic and geological conditions
(Matthews and Robinson, 1998). This suggests that
habitat quality and species diversity are related.
Among the activities that influence the habitats as
observed during the study channelization of water,
discharge of industrial effluents and mixing of
agricultural runoff are management priorities.
Effective measures in controlling these activities rely
on the local bodies that govern the stretches of water.
Conservation priorities that may yield promising
results include strengthening and directing resources
to organizations and institutions meant for resource
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conservation.
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