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Abstract

The fish samples were collected from selected stations along the stretch of Tungabhadra river. The multimetric index of
biotic integrity (IBI) method was used to integrate the data from individual, population assemblage and ecosystem levels are
transformed into a single numerical indicator and quality rating for water. A total of 34, 42 and 48 fish species have been
recorded in Tunga, Bhadra and Tungabhadra rivers, respectively. The species belong to the order Cypriniforms was found to
be most dominant followed by the order Siluriformes, Perciformes, Osteoglossiformes, Synbranchiformes, Beloniformes and
Cyprinodontiformes. The non-native species are generally more successful where native species are depleted in
anthropogenically altered water systems. The findings from the study will benefit the planning and management of
sustainable fisheries and conservation of natural resources at national level.

Keywords: Freshwater, fish diversity, Cypriniforms, Index of Biotic Integrity.

Introduction

Biodiversity is essential for stabilization of ecosystems,
protection of environmental quality and for understanding
species diversity. Fish biodiversity essentially represents the fish
faunal diversity, occurrence, distribution, abundance and
conservation of rich variety of fish species and it also supports
the commercial fisheries in river ecosystems. In India there are
2,500 species of fishes of which 930 live in freshwater and
1,570 are marine®. About 21,730 species of fishes have been
recorded in the world of which, about 11.7% are found in Indian
waters.

Biological communities reflect water quality conditions since
they are sensitive to changes in the wide array of environmental
factors. Fish species are an important indicator of health of an
aquatic ecosystem®* because of sensitivity to subtle
environmental changes® and represents a wide range of tolerance
at community level®, the impact of agricultural, municipal and
industrial effluents in aquatic environments’ and cumulative
effects of anthropogenic disturbances on habitat conditions®.
The abundance and health of fish will show the health of water
bodies®. The distribution and composition of the fish species in
each habitat were closely associated with various factors such as
the availability of food, breeding sites, water current, depth,
topography and physico-chemical properties of water'®. The
adverse effects of human activities have resulted in degradation
of stream and riverine ecosystem which ultimately alter the
structure and function of stream biota*’.

The river system has been influenced by human activities such
as agriculture, mining, discharge of liquid and solid wastes from
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towns and cities along the stretch of the river. The major
industrial activities on the Tunga, Bhadra and Tungabhadra
river systems are Mysore paper mills, Iron and Steel Ltd. at
Bhadravathi, Harihara Polyfibre industries and sugar industries
at Davanagere and mining activities at Hospet. In addition to
these, solid and liquid wastes are also discharged into the river
along the stretches due to population habitation and their
activities from major town and cities such as Kudremukh,
Sringeri, Thirthahalli, Shimoga, Bhadravathi, Kudli, Honnalli,
Davanagere, Ronebannur, Mylara-Guthal, Hospet, Hampi,
Kampli, Gangavathi, Sindanoor, Manvi, Gillesgur and Raichur.
Fish assemblages have been widely used as ecological
indicators to assess and evaluate the level of degradation and
health of rivers and streams at various spatial scales*. It has
been believed that fishes and their rich diversity and dominance
in the river indicate the cleanliness of water. Several studies
have been carried out on freshwater fish diversity in different
river system of India™®%% However, the study about the fish
diversity in Tunga, Bhadra and Tungabhadra rivers of
Karnataka is lacking. Hence, the present study was aimed to
investigate the fish diversity of Tung, Bhadra and Tungabhadra
river systems of Karnataka and to suggest water quality states
using IBI index.

Material and Methods

Study area: The river Tungabhadra is formed by the union of
two small seasonal rivers-Tunga and Bhadra. Both the rivers
take birth in the vicinity of Varaha Parvatha at Gangamoola in
Chikkamagalore district, Karnataka. A total of 16 stations were
fixed along the stretches of the rivers (figure-1), 4 stations in
river Tunga - Gangamoola (GML), Sringeri (SGR), Theerthalli
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(TRH), Shimoga (SMG); 4 stations in Bhandra - Balehonnur
(BHR), Bhadravati Highway (BVH), Bhadravati city (BVC) and
Holehoonnur (HHR) and in river Tungabhadra - Koodli
sangama (KSM), Honnali (HNH), Harihara city (HHC),
Holematta (HLM), Mylar-Guthal (MLG), Annegundhi (ANG),
Kampali (KMP) and Gillesugur (GGR). The stations were
selected based on the human activities on the river banks,
urbanization and industrial activities.

Fish collection and identification: The fish samples were
collected from each selected stations along the stretches of
rivers Tunga, Bhadra and Tungabhadra using selective and non
selective fishing gears viz, drag net, seine net, gill net etc, and
samples were preserved in 5-7% formalin and transported to
laboratory. Fishes were identified to their species level by
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following standard literature®?,

Index of Biotic Integrity (IBI): The multimetric index of biotic
integrity (IBI) method was used to integrate the data from
individual, population assemblage and ecosystem levels are
transformed into a single numerical indicator and quality rating
for water. The IBI was calculated for each station following the
methods of Fausch et al.”®, Hughes et al.* and CIFRI Report®’,
The scoring criteria were modified and developed as per Hughes
et al.**. The qualitative evaluation of IBI scores were prepared
by following Karr et al.”, Ganasan and Hughes®, Hughes et al.*
and Das®. The impaired 1Bl score was used when the values
were less than 50% of the maximum observed since the highest
metric values observed do not represent numerically disturbed
condition as marginally impaired score.
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Map showing locations of sampling stations along the river Tunga, Bhadra and Tungabhadra
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Species richness is a common measure of biological diversity
generally decreased with environmental degradation®. The total
number of species was modified from Karr® to the number of
native species and number of native families by Ganasan and
Hughes®?and Das®. The number of species is used as a measure
of biological diversity that decreases with increased
degradation. The families are used as measuring biodiversity**
that decrease as anthropogenic disturbance increases. Among
three matrixes, percentage of omnivores, carnivores were
retained and percentage of insectivores was replaced with % of
herbivores as insectivore’s species. Herbivores fishes are
sensitive to physical and chemical alteration in habitat are
indication of good quality of waters.

Results and Discussion

River Tunga: Distribution and composition of fish: A total of
34 fish species belonging to 7 orders, 14 families and 29 genera
have been recorded during the present study in the river Tunga
(table-1). Kumar Naik et al.* reported 37 fish species belonging
11 families and 4 orders in Tunga river stretch from Gajanoor
fishing village to Kudali of Shivamogga district. The species
belong to the order Cypriniforms was found to be most
dominant constituting 27.95 - 98.97% followed by the order
Silueriformes 0.39 - 31.32%; Perciformes 0.15 - 25.29%;
Osteoglossiformes 1.08 - 8.14 %; Synbranchiformes 0.14 -
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3.21%; Beloniformes 0.001 - 4.04% and Cyprinodontiformes
0.001 - 2.70% (figure-2). Kumar Naik et al.* also observed the
dominance of order Cypriniformes with 23 species followed by
Siluriformes (11 species) and Perciformes (2 species). The
predominant fish fauna in south Asia belongs to the carp family
Cyprinidae®*’. The members of carps were dominated by 13 -
24 species and cat fishes were represented by 4 - 10 species.

The total number of species varied between 39 species (GML)
and 52 species (SMG) (figure-3a). The species of carps were
more dominant in the upper stretches (GML) and decreased
towards lower stretches (SMG). The cat fishes and other
miscellaneous species were appeared to be dominant in the
lower stretches compared to upper stretches.

The fish species belong to cypriniformes were dominant and
have showed continuous distribution representing the species
such as Barilius bendelisis, B. canarensis, Danio aequipinnatus,
D. malabaricus, D. devario, Puntius jerdoni, P. faciatus, P.
chola, P. sarana, P. ticto, P. sophore, P. pulchelis, P.
sahyadrensis, Rasbora damicus and Cirrhinus mrigala. Among
cat fishes the species such as Aorichthys seenghala, Wallago
attu and Ompok bimaculatus were dominant. The miscellaneous
species represented by Oreochromis mossambicus, Notopterus
notopterus, Parambassis ranga and Aplocheilus lineatus were
also present.
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Figure-2
Percent occurrence of major groups of fishes at different stations in river Tunga
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Figure-3 (a-c)
Total number of species of fishes at different stations in rivers a. Tunga, b. Bhadra and c. Tungabhadra

Fish population density was relatively high at upper stretches of
river - SGR and SMG (161 No/m2 and 164 No/m?, respectively)
and lower in GML (96 No/m2) which mainly contributed by
carps belong to cypriniforms (figure-4a). Carps such as Labeo
bata, L. calbasu, L. rohita and Salmostma boopis were
dominant at station Shimoga (SMG) characterized by high
BOD, high load of microbial organisms represented by fecal
coliformes (FC) and total coliformes (TC). The catfishes such as
Aorichthys seenghala, Clarias batrachus and Wallago attu were
dominant and other miscellaneous species of fishes reported
include Pangasius bimaculatus, Oreochromis mossambicus,
Notopterus notopterus, Mastacembelus armatus and Mystus
cavasius. The site at GML appeared to be clean water with low
BOD, TSS, low FE and TC and represented by species of carps
belong to cypriniforms - Barilius barna, B. canarensis, Danio
aequipnnatus, D. malabaricus, Puntius chola, P. jardoni, P.
sahydrensis, P. serana, P. sophora, P . ticto and Rasbora
daniconius have showed their dominance. Whereas species
such as Chela untrachi, Cirrhinus fulunge, Labeo bata, L.
potail, Puntius amphibious, P. faciatus, P. filamentasus, P.
pulshelus, P. melanostigma and P. vittatus have showed
discontinuous distribution with infrequent occurrence.

Species diversity index is varied from 1.65 at SMG to 2.3 at
GML (figure-5a). Study of Kumar Naik et al.* reported highest
Simpson’s index of diversity in Gondichatnalli (0.8802)
followed by Shivamogga (0.8580) and Honnapura (0.8523) of
Tunga river.
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IBI assessment: The Index of Biotic Integrity (IBI) indicated
the assemblage, occurrence and distribution of fishes in relation
to water quality.

It is clear that comparatively lower values of IBI were recorded
(figure-6a) at SMG indicating the poor water quality due to
discharge of untreated sewage and city waste into the river
contributed for the lower values of IBI. Also, it was observed
that the number of native species belong to cypriniforms were
appeared to be high in the upper reaches (GML) compared to
the lower stretches (SMG). Further, the composition of fish
species revealed that the number of herbivorous species and the
number of intolerant species were observed to be reduced in
moderately impaired waters at SMG. In contrast to this the
percentage of exotic species and percentage of tolerant species
have increased in their number in the same site during the study
period indicating the adaptability of fishes to stressed impaired
site at SMG.

The species such as Labeo bata, L. calbasu, Cyprinus carpio,
Oreochromis mossambicus, Cirrhinus mrigala, Channa
marulius, Clarias batrachus, Notopterus notopterus, Pangasius
pangasius, Mystus cavasius and Xenontodon cancilla were more
dominant and found to be mainly benthic and tolerant species
found in this region of the river. Based on their trophic habitats,
composition of fishes revealed that the changes were
significantly prevalent in moderately impaired site at SMG.
Thus, the percentage of omnivorous and carnivorous fishes has
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increased while the percentage of herbivorous was decreased in
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diseases and anomalies were not observed during the study
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Population density of fishes at different stations in rivers a. Tunga, b. Bhadra and c. Tungabhadra
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IBI scores at different stations of rivers a. Tunga, b. Bhadra and c. Tungabhadra

The present study showed that the sites at Gangamoola, Sringeri
and Theerthalli were found to be acceptable in terms of fish
assemblages indicating less environmental stress. Thus, it can be
inferred that the upper stretches of river Tunga supported good
fishery production, whereas the lower stretches of river at
Shimoga did not support good fishery due to impaired water
quality as indicated by the presence of low oxygen content,
higher concentrations of BOD, ammonia, nitrate and phosphate.
The lower starches of river have supported more exotic,
tolerant, omnivorous and carnivorous fishes with an uneven
distribution in space and time.

River Bhadra: Distribution and composition of fish: A total
of 42 fish species belonging to 7 orders, 14 families and 29
genera have been recorded during the present study (table-1).
The species belong to the order Cypriniformes were found to be
most dominant constituting 30.60 - 69.40% followed by the
order Siluriformes 9.80 - 13.15%, Perciformes 2.71 - 16.33%,
Osteoglossiformes 0.48 - 3.82%, Synbranchiformes 0.56 -
2.39%, Belonoformes 0.88 - 1.91% and Cyprinodontiformes
1.20 - 1.75% (figure-7). The members of carps were dominated
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by 15 - 25 species and cat fishes were represented by 6 - 7
species. Earlier study reported 25% of cat fish groups followed
by major carps and other fishes with 20.83%%.

Several studies have been carried out on fish diversity in
relation to water quality of Bhadra river of Karnataka®**°. The
total number of fish species reported by Thirumala et al.*® was
comparatively low (33 species), whereas number of fish species
reported by Shahnawaz et al.*® and Shivashankar and
Venkataramana® were comparatively high (56 and 48 species,
respectively) than the total number of fish species reported in
the present study (42 species). Their study revealed the
dominance of cyprinids in Bhadra river. This indicated that
cyprinidae fishes have wide range of distribution and
composition.

The total number of species varied between 35 species (HHR)
and 42 species (BVH) (figure-3b). The species of carps were
more dominant in the upper stretches (HHR and BVC) and
decreased towards lower stretches (HHR). The cat fishes and
other miscellaneous species were appeared to be dominant in
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the lower stretches (HHR) compared to upper stretches (BHR).

The fish species belong to cypriniforms were dominant and
have showed continuous distribution, representing the species
such as Barilius bendelisis, Danio aequipinnatus,  D.
malabaricus, D. denario, Puntius jerdoni, P. sarana, P. ticto,
P. sophore, P. pulchelis, P. sahyadrensis, Rasbora damicus,
Labeo potail, L. angra and Salmostoma boopis. Among cat
fishes, the species such as Aorichthys seenghala, Wallago attu
and Ompok bimaculatus were dominant. The miscellaneous
species represented by Oreochromis mossambicus, Notopterus
notopterus and Parambassis ranga were also present.

Fish population density was relatively high at upper stretches of
river - BHR (118 No/m?) and lower in HHR (70 No/m?) which
mainly contributed by carps belong to cypriniforms (figure-4b).
Carps such as Barilius bendelisis, Labeo potail, L. bata, L.
calbasu, L. rohita, P. sahyadrensis, P. ticto, P. sophore and
Salmostma boopis were dominant at BVC and BVH
characterized by high BOD, high load of microbial organisms
represented by faecal coliformes (FC) and total coliformes (TC).
The catfishes such as Mystus cavacious, Clarias batrachus,
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Channa marulis and Wallago attu were dominant and other
miscellaneous species reported were Pangasius bimaculates,
Oreochromis  mossabica, Notopterus  notopterus  and
Mastacembelus armatus. The station at HHR appeared to be
clean water with low BOD, TSS, low FE and TC and
represented by species of carps belong to the cypriniforms -
Danio aequipinnatus, D. malabaricus, D. denario, Puntius
jerdoni, P. sarana, P. ticto, P. sophore, P. pulchelis, P.
sahyadrensis, Rasbora rasbora, Labeo potail, L. angra and
Salmostoma boopis have showed their dominance. The species
such as Cirrhinus cirrhosa, Labeo bata, L. calbasu, L. potail,
Puntius amphibious, P. faciatus, P. filamentasus, P. pulshelus,
P. melanostigma and Xenontodon cancilla have shown
discontinuous distribution with infrequent occurrence.

Species diversity index is varied from 2.81 at BVH to 3.18 at
BVC (figure-5b). Shannon-Weaver diversity indices of fish
species found in Bhadra river reported by Thirumala et al.®,
Shahnawaz et al.* and Shivashankar and Venkataramana® was
ranged from 2.20 to 4.10, 2.28 to 3.15 and 3.64 to 3.85,
respectively.
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Figure-7
Percent occurrence of major groups of fishes at different stations in river Bhadra
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IBI assessment: It is evident that comparatively lower values of
IBI were recorded at BVC and BVH (figure-6b) indicating the
poor water quality due to discharge of untreated sewage and city
waste into the river contributed for the lower values of IBI. It
was observed that the number of native species belong to
cypriniformes were appeared to be high in the upper reaches
(BHR) compared to the lower stretches (BVC and BVH).
Further, the composition of fish species revealed that the
number of benthic species and the number of intolerant species
were observed to be reduced in moderately impaired waters at
BVC and BVH. In contrast to this the percentage of exotic
species and percentage of tolerant species have increased in
their number in the same site during the study period indicating
the adaptability of fishes to stressed and impaired site at BVC
and BVH. The species such as Labeo bata, L. calbasu,
Oreochromis mossambicus, Cirrhinus mrigala, Channa
marulius, Clarias batrachus, Notopterus notopterus, Pangasius
pangasius, Mystus cavasius and Xenontodon cancilla were
dominant.

Based on their trophic habitats, composition of fishes revealed
that the changes were significantly prevalent in moderately
impaired site BVC and BVH. Thus, the percentage of
omnivorous and carnivorous fishes has increased while the
percentage of herbivorous was decreased in the stressed and
moderately impaired site.

Further, the present study revealed that stations at Balehonnur
and Holehonnur were found to be acceptable in terms of fish
assemblages indicating less environmental stress. Thus, it can be
inferred that the upper and lower stretches of river Bhadra
supported good fishery production, whereas the middle stretches
of river Bhadra at Bhadravathi did not support good fishery due
to impaired water quality as indicated by the presence of low
oxygen content, higher concentrations of BOD, ammonia,
nitrate and phosphate. The middle starches of river have
supported more exotic, tolerant, omnivorous and carnivorous
fishes with an uneven distribution in the river.

River Tungabhadra: Distribution and composition of fish: A
total of 48 fish species belonging to 7 orders, 14 families and 29
genera have been recorded (table-1). The species belong to the
order Cypriniformes was most dominant constituting 27.16 -
53.30% followed by the order Siluriformes 11.87 - 21.34%,
Perciformes 18.01 - 45.76%, Osteoglossiformes 2.29 - 6.83%,
Synbranchiformes 0.82 - 5.23%, Beloniformes 0.53 - 1.46 %
and Cyprinodontiformes 0.91 - 2.07% (figure-8). The members
of carps were dominated by 16 - 25 species and cat fishes were
represented by 7 - 13 species. The fish survey made by
Shahnawaz and Venkateshwarlu® indicated that both Tunga and
Bhadra rivers are rich in fish diversity and they reported a total
of 77 species represented by 5 orders, 18 families and 44
genera. They also observed that among 77 species, the order
Cypriniformes was the most dominant group in the assemblage
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composition with 62.3% followed by Siluriformes with 18.18%,
Perciformes with 16.88%, Osteoglossiformes with 1.29% and
Cyprinodontiformes with 1.29%, respectively.

The total number of species varied between 28 species (HLM)
and 48 species (GGR) (figure-3c). The species of carps were
more dominant in the upper and lower stretches (HNH, MLG,
ANG, KMP and GGR) and decreased in the middle stretches
(HHC and HLM) near Harihara city. The cat fishes and other
miscellaneous species have greater distribution at all stations
along the stretches of this river unlike in Tunga and Bhadra.

The fish species belong to cypriniforms were dominant and
have showed continuous distribution, representing the species
such as Barilius barna, B. bendelisis, Cirrhinus mrigala, Danio
aequipinnatus, D. malabaricus, D. devario, Gerra gotyla, Labeo
angra, L. fimbriatus, Puntius jerdoni, P. sarana, P. sophore,
Rasbora rasbora and Salmostoma boopis. Among cat fishes,
Aorichthys aor, A. seenghala, Mystus cavasius, Rita
pavimentata, Clarius batrachus and Wallago attu were
dominant. The miscellaneous species represented by Pangasius
pangasius, Mastacembelus armatus, Channa marulis, C.
striatus, Etroplus maculates, Oreochromis mossambicus,
Glossogobius giuris and Notopterus notopterus were dominant
at the lower stretches of the river. Recently, Chaudhary*? studied
on the effect of effluent and sewage discharge on the aquatic life
and the spatial distribution of fish species in 200 km stretch of
Tungabhadra river on the basis of oxygen variability throughout
the river using QUAL2K model. This simulated model was used
to locate the indicator species on the river on the basis of
dissolved oxygen level. Also this model revealed that the spatial
distribution and species diversity of some fish species is varying
with the variation in the effluent load and flow of water in the
river.

Fish population density was relatively high at lower stretches of
river- GGR (183 No/m2) however in the middle stretches in
KSM and HLM (81 No/m2) which mainly contributed by
catfishes, carps and miscellaneous species belong to
cypriniforms, siluriformes, perciformes and osteglossiformes
(Fig. 4c). The carps such as Barilius barna, Gerra
gotylastehynchus, Labeo angra and L. potail. Labeo bata,
Puntius sarana, P. sophore and Salmostma boopis were
dominant at KSM, HHC and HLM characterized by high BOD
and high load of microbial organisms represented by fecal
coliformes (FC) and total coliformes (TC). The catfishes such as
Clarias batrachus, Rita gogra, Wallago attu, Pangasius
bimaculates, Pangasius bimaculates and P. saran were
dominant and other miscellaneous species reported were
Oreochromis mossabica, Notopterus notopteru, Channa
marulis, C. srriatu, Etroplus maculates and Mastacembelus
armatus. The station at HHR appeared to be clean water with
low BOD, TSS, low FE and TC and represented mainly by
species of carps belong to the cypriniforms - Danio
aequipinnatus, D. devario, Puntius jerdoni, P. sarana, P.
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sophore, Rasbora rasbora, Labeo angra and Salmostoma
boopis. The species such as Cirrhinus cirrhosa, Labeo bata, L.
calbasu, L. Potail, Puntius amphibious, P. faciatus, P.
filamentasus, P.jerdoni, P. melanostigma and Xenontodon
cancilla have shown discontinuous distribution with infrequent
occurrence.

Diversity index of fish species of Tungabhadra shown in Figure
5c. Species diversity index is varied from 2.79 at MLG to 3.42
at GGR. The evenness of fish fluctuated between 0.61 at HLM
and 0.98 at HHC.

IBI assessment: It is clear that comparatively lower values of
IBI were recorded at Koodli (KSM) and Harihara city (HHC
and HLM) (Fig. 6¢) indicating the poor water quality due to
discharge of untreated sewage and city waste and also discharge
of waste from the Harihara polyfibre factory into the river
contributed for the lower values of IBI. During the present
investigation, it was observed that the number of native species
belong to Cypriniforms, Siluriformes and Perciformes were
appeared to be high in the upper and lower stretches of the river
compared to the disturbed site at lower stretches (HNH, MLG,
ANG, KMP and GGR). Further, the composition of fish species
revealed that the number of benthic species and the number of
intolerant species were observed to be increased in moderately
impaired waters at KSM, HHC and HLM. In contrast to this the
percentage of exotic species and percentage of tolerant species
have increased in their number in the same site during the study
period indicating the adaptability of fishes to stressed impaired
sites at BVC and BVH. The species such as Labeo bata, L.
calbasu, Oreochromis mossambicus, Cirrhinus mrigala,
Channa marulius, Clarias batrachus, Notopterus notopterus,
Pangasius pangasius, Mystus cavasius, Channa marulis, C.
srriatus, Etroplus maculates and Xenontodon cancilla were
dominant and mainly benthic and tolerant species were found in
this region of the river.

Diversity and composition of freshwater fishes in other river
systems of Karnataka were reported by many researchers. Bhat
and Hegde*® studied on fish diversity in major tributaries of
river Bedti, Uttara Kannada district and reported 19 species
belonging to 4 families (Cyprinidae, Balitridae, Aplochaeilidiae
and Ambassidae). The occurrence of 14 freshwater fish species
belonging to five orders (Cypriniformes, Siluriformes,
Channiformes, Mastacembeliformes and Osteoglossiformes) in
the Mullameri river, a minor tributary of Bheema River of
Gulbarga district was reported by Vijaylaxmi et al.*. The fish
diversity in the four rivers namely, Sharavati, Aghanashini,
Bedti and Kali of Central Western Ghats was studied by Bhat*
and they reported high number of fish species (63 species) in
Bedti, followed by Kali (53 species), Aghanashini (52 species)
and Sharavathi (51 species), respectively. Devi Prasad et al.™
reported 45 species of fish belonging to 15 families and 31
genera in major wetlands of Mysore. Kumar Naik et al.*
investigated on the fish resources quantitatively by studying the
ichthyofaunal diversity of Varada river stretch from Karehonda
fishing village to Bankasana of Soraba and reported a total of 78
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species belonging to 18 families and 6 orders.

Based on their trophic habitats, composition of fishes revealed
that the changes were significantly prevalent in moderately
impaired sites at KSM, HHC and HLM. Thus, the percentage of
omnivorous and carnivorous fishes has increased while the
percentage of herbivorous was decreased in the stressed and
moderately impaired sites. The fishes with diseases and
anomalies were not observed during the study period.

The stations at Honnalli, MLG, Anegundhi, Kampli and
Gillesgur were found to be acceptable in terms of fish
assemblages indicating less environmental stress. Thus, it can be
inferred that the upper and lower stretches of river Tungabhadra
supported good fishery production whereas the middle stretches
of river at Harihara city did not support good fishery due to
impaired water quality as indicated by the presence of low
oxygen content, higher concentrations of BOD, ammonia,
nitrate and phosphate. The middle stretches of river have
supported more exotic, tolerant, omnivorous and carnivorous
fishes with an uneven distribution in the river.

Conclusion

The upper stretches of river Tunga supported good fishery
production, whereas the lower stretches of river at Shimoga did
not support good fishery due to impaired water quality as
indicated by the presence of low oxygen content, higher
concentrations of BOD, ammonia, nitrate and phosphate. The
lower starches of river have supported more exotic, tolerant,
omnivorous and carnivorous fishes with an uneven distribution
in space and time. The upper and lower stretches of river Bhadra
supported good fishery production, whereas the middle stretches
of river Bhadra at Bhadravathi did not support good fishery due
to impaired water quality as indicated by the presence of low
oxygen content, higher concentrations of BOD, ammonia,
nitrate and phosphate. The middle starches of river have
supported more exotic, tolerant, omnivorous and carnivorous
fishes with an uneven distribution in space and time. The upper
and lower stretches of river Tungabhadra supported good
fishery production whereas the middle stretches of river at
Harihara city did not support good fishery due to impaired water
quality as indicated by the presence of low oxygen content,
higher concentrations of BOD, ammonia, nitrate and phosphate.
The middle stretches of river have supported more exotic,
tolerant, omnivorous and carnivorous fishes with an uneven
distribution in space and time. The findings from the study will
benefit the planning and management of sustainable fisheries
and conservation of natural resources at national level.
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Table-1
Fish species recorded in the sampling stations of Tunga, Bhadra and Tungabhadra rivers
Tunga Bhadra Tungabhadra
Classification/Species
GML|SGR|TRH|SMG|BHR|BVH|BVC|HHR|KSM|{HNH|{HHC|HLM|MLG|ANG|KMP|GGR
Order-Cypriniformes
Family-Cyprinidae
Barilius barna + + + + + + + + + + + - + + + +
Barilius backeri + - - - + + + - - + - + - + - -
B. bendelisis + + + - + + - - + + + + + + + +
B. canarensis + + + + + + - - - + - - - - - -
Catla catla + + + - + + + + + + + + + + + +
Chela untrachi + + - - + + + - + + - + - + - +
Cirrhinus cirrhosa + + + + - - + + + + + - + + - +
C. fulungee + - - - + - - + + + + - - - - -
C. mrigala + + - + + + - + + + + - + + + +
C. reba - - - + + + + - + + + + + + + +
Ctenopharygdon idella - - - - - - - - - + - - - - - -
Cyprinus carpio - + - + - + + + + + + + + - + +
Danio aquipinnatus + + | + + + + + + + + - - + - + -
D. devario + + - - + + - - + + - - - - - -
D. malabaricus + + + + + - + + - + - - - - - -
Garra gotyla stenorhynchus | - - + + - + + - + + - + + + + +
Hypophthalmichthys molitrix| - - + - - - - + - + - + + + + +
Labeo angra - + - + + - + - + + + + + - - -
L. bata + + + + + + + + + + - + - + + +
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Tunga Bhadra Tungabhadra
Classification/Species
GML|SGR|TRH|SMG|BHR|BVH|BVC|HHR|KSM|{HNH|{HHC|HLM|MLG|ANG|KMP|GGR

L. calbasu - + + + - + + + - + + + + + + +
L. fimbriatus + + + + - + - - + + + + - + + +
L. porcellus + + - + - - - + - + + - + + - +
L.potail + + | 4+ - + + + + - - - + - - + +
L. rohita - - + + - + + - + - + + - + + +
P.amphibious + - + + + + - + + - - - - - - +
P. chola + - - + + - + - - - - - - - - -
P. fasciatus + - + - - + - - - - - - - - - -
P.filamentosus + + + + + + - - - - - - - - - -
Puntius jerdoni + + + + + - + - + + - + - - - +
Puntius melanostigma + + | + + - + + - - - - - - - - -
P. pulchellus + + | 4+ + + + + + - - + + - - - +
P.sahyadrensis + + | 4+ - + + - + + + - - - + -

P. sarana + + + - + + + + + - + + + - - +
P. sophore + + |+ + + |+ |+ - + - - - - - - -
P. ticto + + - + + + + - - - - + - - + +
P. vittatus + - + + + - - - - - - - - - + -
Rasbora rasbora + - - + - + + - + + + - + + + +
R. daniconius + + + + + - - + - + - + - + + +
Salmostoma boopis + + - + + + + + + + + + + + + +
Tor putitora - + | + - - - - - - - - - - - - -
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Tunga Bhadra Tungabhadra

Classification/Species
GML|SGR|TRH|SMG|BHR|BVH|BVC/HHR|KSM|HNH|HHC|HLM|MLG|ANG|KMP|GGR

Order - Siluriformes

Family - Bagridae

Aorichthys aor - + + + - + + - + + + + + + - +
A. seenghala + + | 4+ + + + + + + + + + + + + +
Mystus armatus - + - + + - - - - + + - + + - +
Mystus cavasius - + + + + + + + - - + + + + - +
M. gulio - - - + - - - - - - + - - + + +
M. krishnesis - - - + - - - - - - - + + + + +
Rita gogra - - + + - - + + + + + + + + - +
R. pavimentata + - - + - + + - + + + + - + + +

Family - Clariidae

Clarius batrachus + + + + + + + + + + + + + + + +

C. garipinus - + + + - - - - - - - - + + + +

Family - Siluridae

Ompak bimaculatus - + + + + + + + + + + + + + + +
O. pabo - + - + - + - - - - + - - - + -
Wallago attu - + + + + + + + + + + + + + + +

Family - Pangasidae

Pangasius pangasius - - - + + + + + - + + - + + + +

Order - Belonoformes

Family - Belonidae

Xenentodon cancila - + + + + - + + + + + - + - + +

Family - Hemiramphidae

Hyporhampus xanthopterus - - - + + - - - - + - - - - - -
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Tunga Bhadra Tungabhadra

Classification/Species
GML|SGR|TRH|SMG|BHR|BVH|BVC/HHR|KSM|HNH|HHC|HLM|MLG|ANG|KMP|GGR

Order - Cyprinodontiformes

Family - Cyprinodontidae

Aplocheilus lineatus - + - + + + + + + - + + + - + +

Order - Synbranchiformes

Family - Mastacembelidae

Mastacembelus armatus + + + + + + + + + + + + + + + +

Order - Perciformes

Family - Ambassidae

Paraambassis ranga + + + + + + + + + + + - + + + +

Family - Channidae

Channa punctatus + + + + + + + + + - + - + - + +
C. marulius - - + + - + + - + + - + + + - +
C. striatus - + | 4+ + + - - + - + + + + + + +

Etroplus maculatus + - - - - - - - - + + + + + + +

Oreochromis mossambica + + + + + + + + + + + + + + + +

Family - Gobiidae

Glossogobius giuris giuris - - + + - + + + + - + - + + + +

Order - Osteglossiformes

Family- Notopteridae

Notoptorus notopturus - + + + + + + + + + + + + + + +

*+ = Present, - = Absent
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