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Abstract We summarize the research on Asian Sun
catfish, Horabagrus brachysoma (Giinther), an endemic
and threatened freshwater catfish from Western Ghats of
India, and provide a comprehensive review of its
taxonomy, distribution, biology, population, conserva-
tion and aquaculture. Although described in 1864, the
taxonomy of H. brachysoma, particularly its familial
affinities, continues to be in flux. The species, originally
described from the erstwhile ‘state of Cochin’ in present
day Kerala State, India, has a current distribution
ranging from southern Kerala (8°N) to southern Maha-
rashtra (16°N), where they are found in lowland
westward-flowing rivers, as well as natural freshwater
lakes and backwaters. As a much relished food fish, H.
brachysoma is exploited throughout its range, predom-
inantly through an unmanaged artisanal fishery.
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Although there are no scientific estimates of either the
status or trends in overall population of this endemic
catfish, anecdotal evidence and fisher-knowledge sug-
gests drastic declines of several local populations. The
fishery for H. brachysoma in the Periyar and Achenkovil
rivers in the State of Kerala has been documented to be
unsustainable. As a result of an overall population
decline of 35 % due to overharvest and habitat loss, H.
brachysoma is assessed as ‘Vulnerable’ on the IUCN
Red List of Threatened Species' ™. Primary research on
various aspects of feeding, reproductive biology and
demography has generated a wealth of information on
the species, but this knowledge is yet to be utilized for
the development and implementation of in situ conser-
vation or management plans. In view of its high
consumer demand, efficient biological and eco-physi-
ological characteristics, as well as the availability of a
captive breeding technology, H. brachysoma is consid-
ered an emerging species for small-scale aquaculture.
Priorities for scientific research to address knowledge-
gaps, as well as strategies for effective conservation of
this threatened freshwater catfish are discussed.

Keywords Bagridae - Endemic - Freshwater fish -
Western Ghats - Yellow catfish

Introduction
Close to 16,000 fish species depend on freshwater

habitats (Pelayo-Villamil et al. 2015) of which many
provide important socio-economic benefits and
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ecosystem functions (Brummet et al. 2013; Reid et al.
2013; Dugan et al. 2006). Freshwater fishes are
considered a ‘mega-diverse’ group of vertebrates
(Reid et al. 2013) with a high rate of new species
descriptions (240.2 species year™ ' during
2003-2013) (Pelayo-Villamil et al. 2015). They are
nevertheless of high ‘conservation-concern’ as 20 %
of the species (of the 6884 species assessed) are
threatened with extinction and several species already
extinct (IUCN 2015). Kottelat et al. (2012) mentions
that ‘there is hardly any type of terrestrial human
activity that does not impact on freshwaters and thus
on aquatic life’. A multitude of human-induced
stressors including alteration and degradation of
habitats, overfishing and exotic species introductions
(Dudgeon 2011; Allan et al. 2005), have resulted in
freshwater fishes becoming a taxa that is ‘living on the
edge’.

Conservation and management of freshwater fish
resources is often constrained by the limited amount
of information on life-history, reproductive biology
and population status of most, especially imperilled
species (Cooke et al. 2012). This data-deficiency is
most severe in tropical biodiversity hotspots which
not only harbour high levels of ichthyodiversity but
are also areas facing high levels of anthropogenic
threats (see for e.g. Kottelat et al. 2012; Dahanukar
et al. 2011). The Western Ghats region in peninsular
India known for its unique freshwater biodiversity
(Molur et al. 2011; Raghavan et al. 2015) harbours
19 endemic genera of freshwater fishes, but limited
information exist to conserve these resources. Many
of these fishes not only have a restricted distribu-
tion, but are also threatened as a result of loss and
degradation of habitats, alien invasive species and
overharvest (Dahanukar et al. 2011). The Asian Sun
catfish or the yellow catfish, Horabagrus brachy-
soma (Glinther) (Fig. 1) is endemic to the Western
Ghats region, of high conservation concern (Ragha-
van and Ali 2013), yet of prime importance to both
local and international economies and livelihoods
(Raghavan et al. 2013; Prasad et al. 2012; Sreeraj
et al. 2007). Conserving endemic and threatened
freshwater fishes like H. brachysoma, and simulta-
neously managing their commercial and/or subsis-
tence fisheries is a difficult balancing act, requiring
the availability of reliable information on the
biology, ecology and population performance. Infor-
mation available in the primary literature has been
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Fig. 1 Fingerling and semi-adult Horabagrus brachysoma

synthesised in the present paper, and future priorities
for scientific research to fill existing knowledge gaps
discussed.

Taxonomy and systematics

Horabagrus brachysoma was described by Giinther
(1864) as Pseudobagrus brachysoma. Jayaram (1955)
allocated Pseudobagrus brachysoma to a newly
erected genus Horabagrus, the generic name being a
combination of ‘Hora’ honouring Sunder Lal Hora (a
globally renowned ichthyologist and zoogeographer
from India) and ‘bagrus’ (for the catfish family
Bagridae), and the species name combining the words
‘brachys’ (for short) and ‘soma’ (referring to the
height of the body nearly equal to the length of the
head) (www.etyfish.org).

Though the type locality was mentioned as
‘Cochinchine’ (=current day Vietnam) in the original
description (Giinther 1864), it was later clarified to be
‘Cochin’ (an erstwhile state in southern India) (see
Jayaram 1952). Pseudobagrus chryseus described by
Day (1865) is considered as a synonym of H. brachysoma
(Jayaram 1952; Pethiyagoda and Kottelat 1994), and so is
Horabagrus melanosoma (see Ali et al. 2014).


http://www.etyfish.org
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Horabagrus is one of the three endemic genera of
catfish that occur in peninsular India (two other
endemic genera are Horaglanis and Kryptoglanis).
Superficially, Horabagrus is similar to the North
American Ictalurus or to the Asian Mystus (Arm-
bruster 2011), but H. brachysoma can be easily
identified by the combination of characters including
eyes placed in a line with the angle of the mouth and
visible from the ventral surface, barbels do not exceed
beyond head, teeth form an uninterrupted subcrescen-
tic transverse band across the palate, anal fin long and
possesses 23-29 rays, very short adipose dorsal fin, its
yellow coloured body and a distinctive black spot with
a yellow ring on the shoulder (Jayaram 1952, 1955,
2010). Detailed information on the general body
shape, appearance, morphometric characters and
meristics are mentioned in Ali et al. (2014), Katwate
et al. (2012) and Jayaram (1966, 2009).

The systematics of H. brachysoma however, is still
in flux. The exact familial affinities of H. brachysoma
within the order siluriformes continues to be under
debate, with the species placed in the family Bagridae
(Pethiyagoda and Kottelat 1994; Jayaram 1966; Mo
1991), Horabagridae (Sullivan et al. 2006; Hardman
2005) and Schilbidae (Kottelat 2013; Jayaram 2010;
Ferraris 2007) at various points in time.

Distribution and habitat

Horabagrus brachysoma is endemic to the rivers,
natural lakes, backwaters and associated inland canal
systems between 8°N and 17°N latitudes in three
peninsular Indian states, viz., Kerala, Karnataka and
Maharashtra (Fig. 2). While the state of Goa is
geographically located between Karnataka and Maha-
rashtra, there are no records of this species from the
rivers of this region.

In Kerala, the fish occurs in 22 of the 41 westward-
flowing rivers, viz, Neyyar, Ithikkara, Pallikal,
Ayroor, Mamom, Kallada, Achankovil, Pampa, Man-
imala, Meenachil, Muvattupuzha, Periyar, Chalakudy,
Karuvannur, Puzhakkal, Kechery, Chaliyar, Tirur,
Karyangod, Valapattanam, Shiriya and Peruvamba,
as well as the Vembanad Lake (including lowland
regions of its confluent rivers and associated irrigation
canals), Sasthamkotta Lake, Muriyad and Kole Wet-
lands, and the Azhikode estuarine system (Ali et al.
2014; Raghavan and Ali 2013; Thomas and George
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Fig. 2 Distribution of Horabagrus brachysoma in peninsular
India

2013; Nandan et al. 2012; Zeena and Beevi 2011;
Renjithkumar et al. 2011; Baby et al. 2010; Jayaram
2010; Raghavan et al. 2008; Bhargavan et al. 2008; Ali
et al. 2007; Girijakumari 2007; Muneer et al. 2007;
Kurup and Radhakrishnan 2006; Sreeraj et al. 2006;
Narayanan et al. 2005; Thomas 2002; Thomas et al.
2003; Day 1865). It is also likely that the fish occurs in
at least some of the remaining 19 westward-flowing
rivers in Kerala, but has not yet been recorded due to
lack of comprehensive studies. In the state of
Karnataka, they are known from the Rivers Nethra-
vati, Kali and Aghanashini (Muneer 2006; Bhat 2001).
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Recent records from the rivers and associated tank
systems in Sita, Swarna, Sowparnika and Varahi (see
Rao et al. 2013; Shetty et al. 2015; Venkateshwarlu
and Shetty 2013) which have been published in
predatory open-access journals (see Raghavan et al.
2015; Beall 2015) need to be verified. The northern
most limit of distribution of H. brachysoma is in the
state of Maharashtra where a population was recently
discovered in River Gad (Katwate et al. 2012).

Apart from its native range in peninsular India, H.
brachysoma has also been recorded from the Kranji
Reservoir in Singapore (C.W. Looh, Singapore, pers.
comm. January 2008; see Fig. 3), which may have
been a result of introduction via the aquarium trade. A
record of this species from an irrigational canal in La
Plata, Lajas, Puerto Rico in 2012 (F. Grana pers.
comm. cited in Neilson 2015) also needs to be verified.

Horabagrus brachysoma is a benthic inhabitant
occurring mostly in the lowland areas of rivers
(Raghavan and Ali 2013). Although they have an
affinity towards mud and sand as substrate, they have
also been recorded from deep riverine pools (Ali et al.
2007), and observed taking refuge inside submerged
roots of Pandanus and Aponogeton vegetation along
shallow rivers and stream banks (Katwate et al. 2012;
Padmakumar et al. 2010). In irrigation canals, H.
brachysoma is known to inhabit darker areas adjoining
granite side pitching (Bindu 2006).

Diet and feeding habits

Horabagrus brachysoma is unspecialized and oppor-
tunistic in its feeding habits (Padmakumar et al. 2009;
Prasad and Ali 2008; Sreeraj et al. 2006). They are

Fig. 3 Horabagrus brachysoma caught from the Kranji Reser-
voir in Singapore (Photo Courtesy: C.W. Looh)
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nocturnal (Katwate et al. 2012) omnivorous feeders
(Padmakumar et al. 2009; Prasad and Ali 2008; Sreeraj
et al. 2006), capable of widening its dietary food
spectrum in response to prey availability (Sreeraj et al.
2006). The gut content of specimens collected from
river zone locations near inhabited areas were found to
comprise predominantly kitchen and domestic wastes
(Bindu 2006), suggesting the possibility of using the
species for waste-water management’.

Moderate ontogenic changes were observed with
regard to feeding specificity (Sreeraj et al. 2006). For
example in the River Periyar, H. brachysoma was
found to switch from an animal-based to plant-based
diet during its growth phases (Prasad and Ali 2008),
while few qualitative differences in the diet were
observed among various size classes of this species in
Vembanad Lake (Sreeraj et al. 2006). Stream dwelling
yellow catfish have been reported to feed in shoals at
night, and have been observed foraging and feeding
for crustaceans present in leaf litter (Katwate et al.
2012).

Reproduction in the wild

Information on sexual dimorphism in H. brachysoma
is contradictory. While Kurian and Inasu (1997)
observed that male specimens were larger and heavier
than females of the same age group, Chandran and
Prasad (2014) observed that females were always
bigger than males at the same age. Studies on the mean
length at first maturity (Lsgy) revealed that male H.
brachysoma mature between 175 and 188 mm TL,
whereas females do so between 168 and 185 mm TL
(Chandran and Prasad 2014; Bindu et al. 2012).
Female H. brachysoma arrives in the spawning ground
in advance of the males and the former dominates the
sex ratio at the spawning grounds during the course of
the breeding season (Bindu et al. 2012). The sex ratio
(male:female) observed in exploited stocks varied
from 1:1.97 (Bindu 2006) to 1:1.3 (Prasad et al. 2012).
The sex ratio of exploited populations of H. brachy-
soma is however known to be unrepresentative of the
true sexual composition in their natural habitat as
netting of all individuals is not easily achievable due to
the cryptic characteristics of the species (Bindu et al.
2012).

Despite having a prolonged breeding season, H.
brachysoma are single spawners season (Chandran
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and Prasad 2014). The peak breeding months of June—
July, coincides with the south-west monsoon in
peninsular India (Chandran and Prasad 2014; Bindu
et al. 2012). The Asian Sun catfish is known to be
highly fecund (Bindu et al. 2012); however absolute
fecundity estimates varied between habitats (Chan-
dran and Prasad 2014; Bindu et al. 2012; Kurian and
Inasu 2003). The highest absolute fecundity between
1140 (fish with a total length of 205 mm and total
weight of 900 mg) and 123,968 (fish with a total
length of 340 mm and total weight of 6500 mg) were
observed in specimens collected from the Vembanad
Lake (Bindu et al. 2012). Horabagrus brachysoma
does not show any parental care (Bindu et al. 2012).

Population

There are no reliable scientific estimates of the
population status of H. brachysoma. However studies
citing anecdotal and inferred evidence have suggested
drastic declines in the populations of this species,
especially in Vembanad Lake (Padmakumar et al.
2010).

The Asian Sun catfish grows to a maximum size of
450 mm in total length (Talwar and Jhingran 1991).
The length-weight relationship of both male and female
H. brachysoma in various riverine ecosystems of Kerala
has been observed to be isometric with ‘b’ values (or the
scaling exponent in the allometric relationship
W = aL”, where W is the weight and L is the standard
length and a is the normalization) not significantly
different from 3.0 (Prasad et al. 2012; Ali et al. 2008;
Kumar et al. 1999). However, in Vembanad Lake, this
species showed an acute negative isometric growth
pattern with ‘b’ values in the ranges of 1.76-2.11
(Bindu 2006; Prasad et al. 2005), a phenomenon
possibly influenced by the poor environmental condi-
tions especially the high level of pollution and low
availability of food items in the ecosystem (Prasad et al.
2012). Based on annual length frequency data of
specimens collected from markets located along the
River Periyar, the demographic parameters of the
species (Prasad et al. 2012) were—asymptotic maxi-
mum length (L. ) = 388 mm, growth co-efficient
(K) = 0.55 year™!, growth performance index
() = 4.99, total mortality rate (Z) = 5.64 year_l,
natural mortality rate (M) = 1.04 year~' and fishing
mortality (F) = 4.60 year ' for the last three

parameters are rates per population size. The longevity
for this species has been estimated at 5.45 years (Prasad
et al. 2012) and the minimum population doubling time
computed to be between 1.4 and 4.4 years (Froese and
Pauly 2014).

Fishery

Horabagrus brachysoma is an important food fish
exploited throughout its distribution range by tradi-
tional fishers using gill nets operated from dug-out
canoes, cast nets, drag nets, stake-nets, hook-and-line
(Prasad et al. 2012; Sreeraj et al. 2007; Bindu 2006), as
well as banned ‘local’ gears such as ‘peru vala’ (a
form of drift gill-net) (Kumar et al. 2007). The fishery
is unmanaged and unregulated and is considered to
pose a major threat for the species (Raghavan and Ali
2013).

Horabagrus brachysoma is an important species
that is caught during the monsoon floodplain fishery
(Oothapiditham in vernacular), a practice that
involves the large scale exploitation of fishes under-
taking breeding migrations (Shaji and Laladhas 2013).
Often, more than 100 kg of mature H. brachysoma are
caught in a week-long monsoon floodplain fishery
with gears including traditional fishing traps, gill nets
and electrocution (Shaji and Laladhas 2013). In the
Vembanad Lake, the fishery for H. brachysoma is
carried out through the year, but the highest catches
were observed during the months of December to
March (Bindu 2006).

In the River Pampa, a little more than 17 metric tons
of H. brachysoma was landed during the years
2007-2009 (Renjithkumar et al. 2011) while the
annual landings of this species in various regions of
Vembanad Lake ranged from 2 and 439 metric tons
during the years 1995-2004 (Sreeraj et al. 2007; Bindu
2006; CICFRI 2001; Kurup et al. 1995).

Harvests of H. brachysoma in River Periyar are
dominated by sexually immature 1+ class (Prasad
et al. 2012). Determining the relationship between size
at first maturity and size range of exploited popula-
tions, Prasad et al. (2012) indicated that both growth
fishing (harvest of individuals before they grow large
enough to contribute substantially to the spawning
stock) and recruitment fishing (exploitation of the
spawning stock) of H. brachysoma is taking place in
River Periyar. Irrational exploitation of H.
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brachysoma including fishing of spawning females
and fingerlings as small as 32 mm is also prevalent in
the Vembanad Lake and in the Achankovil River
(Kumar et al. 2007; Sreeraj et al. 2007). Local
knowledge of fishers in the Gad River basin in
Maharashtra State which represents the northern most
limit of the species’ range, suggests that intensive
fishing for H. brachysoma is carried out during its
spawning season (Katwate et al. 2012). Overall, the
fishery for H. brachysoma in many rivers appears to be
unsustainable, driven by excessive fishing effort, with
overfishing of stocks documented conclusively from at
least two rivers (Periyar and Pampa) in the state of
Kerala (Prasad et al. 2012; Prasad 2008).

Although H. brachysoma is known to be a popular
species in the international aquarium trade (Raghavan
et al. 2013; Sreeraj et al. 2007), there is very little
information on the magnitude or dynamics of wild
collection of this species for the pet trade.

Conservation and management

The TUCN Red List of Threatened Species™ has
assessed the extinction risk of H. brachysoma as
‘Vulnerable’ under criteria A2bd, because of an
overall population decline of 35 % due to overharvest
and habitat loss (Raghavan and Ali 2013). It has been
suggested that unless management plans are imple-
mented, the excessive fishing effort and subsequent
overexploitation in some rivers (Prasad et al. 2012;
Prasad 2008) may lead to a collapse of the fishery. The
threat from unregulated fishing is exacerbated by
additional stressors in the species’ habitat including
pollution and sand mining (Prasad 2008; Ali et al.
2007; Sreeraj et al. 2007).

Populations of H. brachysoma occurring in the
river-stretches flowing through, the Idukki Wildlife
Sanctuary and the Thattekad Bird Sanctuary in Kerala
(Chhapgar and Manakadan 2000) are protected (inci-
dentally) because their habitats are within the pro-
tected-area network of the State.

Management of the H. brachysoma fishery is
hindered by an absence of a history of any successful
fisheries management initiatives in the inland waters
of Kerala, where the largest share of harvests takes
place (Prasad et al. 2012). Based on a study on the
population dynamics of the species from River
Periyar, various management strategies including
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restrictions on gear (minimum mesh size of
160-180 mm for gill nets), enforcement of minimum
size limits (200 mm) and implementation of closed
seasons (May—August) have been proposed (Prasad
et al. 2012). Seasonal (early monsoon) ban on fishing
of H. brachysoma has also been suggested as a
conservation measure in Maharashtra (Katwate et al.
2012).

Ex situ conservation strategies (milt cryopreserva-
tion and captive breeding) have been developed and
piloted for H. brachysoma (Padmakumar et al. 2010,
2011; Sajan 2013; Ponniah et al. 2000), and captive-
bred fish have been ranched in the Vembanad Lake
(during 2000-2003 and subsequently in 2006) and
Sasthamkotta Lake (2007-2008) (Padmakumar et al.
2010, 2011), resulting in population improvements
(Raghavan and Ali 2013). In-situ conservation mea-
sures such as protected breeding zones and sanctuar-
ies, which have been successfully tested for a co-
occurring species, Etroplus suratensis, in the Vem-
banad Lake (Padmakumar et al. 2010) could be
adapted for H. brachysoma as well.

Genetic analyses of a three riverine populations
(viz., Nethravati, Chalakudy and Meenachil) of H.
brachysoma using microsatellite and allozyme mark-
ers (Muneer 2006; Muneer et al. 2007, 2009, 2011)
revealed low levels of heterogeneity (e.g.
Hps = 0.472 against an Hep, = 0.649 of mean values
for microsatellites; see Muneer et al. 2009). Similarly
Fis value of 0.507 for both microsatellite and allozyme
markers revealing heterozygote deficiency (or
inbreeding) within these populations (Muneer et al.
2009). The low genetic variability and inbreeding in
population is alarming given the high exploitation
levels of this species.

Both the allozyme-based and the microsatellite-
based studies (Muneer et al. 2007, 2009) also observed
that the three riverine populations were genetically
distinct (or would comprise different gene pools), thus
requiring separate attention as distinct conservation or
management units. This has important implications for
conservation of H. brachysoma, as different popula-
tions of the species which are geographically isolated
with no chance of inter-breeding evolve in isolation.
Although intra-population and inter-population varia-
tion of alleles at specific loci studied is a positive
signal, the reduced heterozygozity (within popula-
tions) is a matter of concern. Thus management
actions should target these independent populations
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separately and aim to improve their genetic variability
(heterozygozity).

Going by the indications of results of Muneer
(2006) and Muneer et al. (2007, 2009, 2011) on
“isolated gene pools” of H. brachysoma, it is highly
likely that more genetically isolated populations of
this species exist, as many westward flowing rivers
where this species occurs are non-interconnected.
Information pertaining to ranching and population
restoration activities conducted for the species (Pad-
makumar et al. 2010, 2011) do not mention consid-
eration of this important fact.

Aquaculture

In view of its high demand as a food as well as an
aquarium fish (Sreeraj et al. 2006, 2007), H.
brachysoma is considered a potential species for
diversification of freshwater aquaculture in India
(Dalvi et al. 2009; Raghavan 2006). Aided further by
its high demand as a food and aquarium fish (Sreeraj
et al. 2006, 2007), its adaptability to different
environments including those characterized by high
turbidity, low oxygen content (Padmakumar et al.
2010) and high temperatures (Dalvi et al. 2009), an
ability to subsist on a wide range of food (Prasad and
Ali 2008; Sreeraj et al. 2006) as well as good growth
and survival in captivity (Sahoo et al. 2014). The
species has also been prioritised as a ‘small indigenous
fish’ (SIF) species (Sarkar and Lakra 2010) due to their
link with local livelihoods and poverty alleviation, and
has especially noted to be of importance to small-scale
rural aquaculture systems (Hakkim and Prasad 2005),
which are characterized by low inputs.

Captive breeding and embryonic development

The yellow catfish does not breed spontaneously in
captivity, and hormonal manipulation is required to
facilitate spawning—a technique that was first devel-
oped by the Kerala Agricultural University, India
(Padmakumar et al. 2010, 2011; Bindu and Padmaku-
mar 2008, 2014) and subsequently at the Central
Institute of Freshwater Aquaculture, Bhubaneswar,
Orissa, India (Sahoo et al. 2014). Large scale breeding
for catering to the international aquarium trade is also
known to take place in Thailand.

Carp pituitary extract (50-60 mg kg™' body
weight) and Ovaprim® (1-1.5 ml kg~ body weight)
have been used to induce spawning in H. brachysoma
(Padmakumar et al. 2011; Sahoo et al. 2014), with
variations in latency period (8—14 h), fertilization rate
(60-99 %) and hatching rate (23-95 %) observed
between trials (Bindu and Padmakumar 2014; Pad-
makumar et al. 2011; Sahoo et al. 2014). Unlike other
catfish species, the fertilized eggs of H. brachysoma
are heavily yolked, golden-yellowish in colour and
spherical in shape (Bindu and Padmakumar 2014;
Padmakumar et al. 2011). Hatching occurs 22-27 h
after fertilization at 24-26 °C and newly hatched
larvae measures 3.82—-5.0 mm (Bindu and Padmaku-
mar 2014; Sahoo et al. 2014). Larvae subsist on
endogenous nutrition until 4 days post-hatch after
which they require exogenous feeding (Padmakumar
et al. 2011).

Larval and fry rearing

Larval H. brachysoma grow to an average size of
6.0-7.5 mm in a week (Bindu and Padmakumar
2014). While a stocking density of 7 individuals L™
has been considered optimum for ensuring maximum
survival and growth of H. brachysoma larvae (Sahoo
et al. 2010a), a density of 400 individuals/0.6 m>
density (fry size of 10.7 & 0.47 mm) was considered
ideal for achieving highest weight gain and growth
rate in fry (Sahoo et al. 2010b). However, if both
individual size and number of individuals for finger-
ling stocking are not constraints, then the maximum
number of fry that survived in a minimum rearing
space can be achieved at a density of 1600 individuals/
0.6 m® tank (Sahoo et al. 2010b). Suitable water
quality requirements for fry rearing has been estimated
at 7.2-7.6 (pH), 6-7 mg L™' (dissolved oxygen),
90-120 mg L' (alkalinity) and 0.006-0.1 mg L™'
(ammonia) (Sahoo et al. 2011). Survival during fry
nursing (up to 85 days) of H. brachysoma has been
estimated at 50-75 % (Bindu and Padmakumar 2014).
Studies have also revealed that H. brachysoma larvae
need to be reared for at least 14 days before transfer-
ring them to fingerling tanks (Sahoo et al. 2015). When
fed at arate of 10 % of the biomass, H. brachysoma fry
attained a size of 26.2 £ 2.39 mm in 30 days (Bindu
and Padmakumar 2014). In spite of these studies,
there is however very little information that is
available on the ideal temperature required for
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achieving highest survival and growth in larvae and
fry of H. brachysoma.

Nutrition and health management

Juveniles and adults of H. brachysoma have all major
digestive enzymes viz. carbohydrases, proteases, and
lipases thereby enhancing their ability to digest all
major types of nutrients present in formulated diets
(Prasad and Suneesha 2013). Nutrition and health
management are two aspects of the aquaculture of H.
brachysoma on which very little research has been
undertaken. Fingerlings are known to adapt to natural
and formulated diets (Raghavan 2006; Hakkim and
Prasad 2005). A semi-moist feed of fish and prawn
meat elicited a higher feeding response and led to
increased growth than commercial and laboratory-
prepared pellet feeds (Raghavan 2006). The optimum
dietary protein requirement of fingerling H. brachy-
soma is estimated to be between 35 and 39 % based on
highest growth rate and best feed utilization (Prasad
2014; Giri et al. 2011).

Ecophysiology

Though Prasad and Charles (2010) observed that the
overall haematological profile of the species is not
considerably different from other catfishes, they
suggested that the lymphocytes of H. brachysoma,
unlike other teleost fishes, appeared to participate in
phagocytosis associated respiratory burst. Horabagrus
brachysoma is reported to have improved adaptive
capabilities to warm temperatures (Dalvi et al. 2009).
This adaptation of H. brachysoma towards higher
temperature can be attributed to the induction of heat-
shock protein (HSP) 70, which acts as molecular
chaperone and protect the cell against aggregation of
denatured proteins (Dalvi et al. 2012). The ideal
temperature range for the culture of H. brachysoma is
estimated to between 31 and 33 °C thereby making
them ideal candidates for aquaculture in tropical
conditions (Dalvi et al. 2009).

Grow-out culture
Grow-out culture is the least studied and understood
aspect of the aquaculture of the Asian Sun catfish.

While there are no results from either experimental
studies or real-world situations of the grow-out culture

@ Springer

and farming of H. brachysoma, it has been suggested
that the species is suitable for both monoculture as
well as polyculture in systems such as large earthen
ponds as well as smaller homestead ponds, coconut
channels and polders, rice-fish farming systems, small
floating cages made of locally available, low-cost
materials (Raghavan 2006).

Priorities for research

Understanding the systematics, phylogenetic position
and evolutionary biogeography of H. brachysoma is
an important area of research that needs to be urgently
addressed. Although substantial amount of informa-
tion is available on various aspects of the biology and
fishery of H. brachysoma, they have not been use for
the purpose of developing and implementing conser-
vation actions or fishery management plans. Devel-
oping a ‘species conservation-action plan’ is an
important priority given the threatened status of the
species. Population studies such as those carried out by
Prasad et al. (2012) need to be expanded to other areas
in the distribution range of H. brachysoma, especially
in rivers (for e.g. Chalakudy) and backwaters (for e.g.
Vembanad) where they are known to be intensively
exploited. Data extracted from long term citizen-
science initiatives such as the ‘Vembanad Fish Count’
(see Sridhar 2013) could possibly shed light on the
trends in the spatiotemporal changes in population of
this species in the Vembanad Lake.

In spite of being a candidate species for aquacul-
ture, there have been very little efforts to understand
aspects of nutrition and other husbandry practices of
H. brachysoma. Research needs to be conducted to
establish the optimum requirements (for all life stages)
for amino-acids, lipids, fatty acids, carbohydrate,
vitamins and minerals as well examine the effects of
various larval feeds and feeding strategies in the
aquaculture of H. brachysoma. In addition, there is
also a need to prioritize studies that examine feeding
management practices (feed types, feed rations), and
improvement of flesh quality through nutritional
interventions. Similarly, studies aimed at understand-
ing the impacts of rearing environmental stressors
such as light intensity, stocking density, tank color,
prey density, water temperature and ph, on both the
larvae and juveniles could help improve survival and
create best management practices for H. brachysoma
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hatcheries. Currently there are no studies on any
aspects of the grow-out culture of H. brachysoma
including water quality requirements, stocking density
and health management. The delay in the availability
of such information will hinder the future develop-
ment of large-scale aquaculture of the Asian Sun
catfish.

Acknowledgments The authors thank three anonymous
reviewers and the editor for their critical comments and
suggestions that greatly improved the manuscript, and to C.W.
Looh for information and photograph of H. brachysoma from
Singapore.

References

Ali A, Katwate U, Philip S, Dhaneesh KV, Bijukumar A,
Raghavan R, Dahanukar N (2014) Horabagrus melano-
soma: a junior synonym of Horabagrus brachysoma
(Teleostei: Horabagridae). Zootaxa 3881(4):373-384

Ali A, Prasad G, Lakshmi R, Balasubramaniam N, Raghavan R
(2008) Weight-length relationship of the Asian Sun catfish
Horabagrus brachysoma (Gunther, 1864) (Siluriformes:
Horabagridae) from the Western Ghats rivers of Kerala,
South India. Act Ichtyol et Piscat 38(1):41-44

Ali A, Raghavan R, Prasad G (2007) Threatened fishes of the
world: Horabagrus brachysoma (Gunther) (Bagridae).
Environ Biol Fish 78(3):221

Allan JD, Abell R, Hogan Z, Ravenga C, Taylor WB, Wel-
comme RL, Winemiller K (2005) Overfishing in inland
waters. Bioscience 55:1041-1051

Armbruster JW (2011) Global catfish biodiversity. In: American
Fisheries Society symposium, vol 77, pp 15-37

Baby F, Tharian J, Ali A, Raghavan R (2010) A checklist of
freshwater fishes of the New Amarambalam Reserve Forest
(NARF). J Threat Taxa 2(12):1330-1333

Beall J (2015) Beall’s list: potential, possible, or probable
predatory scholarly open-access publishers. http:/
scholarlyoa.com/publishers/. Electronic version Accessed
16 June 2015

Bhargavan SJ, Radhakrishnan T, Radhakrishnan S (2008) A
preliminary account on the fishery resources of Thottap-
pally Spillway Canal, Alappuzha, Kerala. Ind J Fish
55(4):345-347

Bhat A (2001) A new report of Horabagrus brachysoma
Jayaram, family Bagridae in Uttara Kannada District,
Karnataka. J Bombay Nat Hist Soc 98(2):294-296

Bindu L, Padmakumar KG (2014) Spawning and early devel-
opment of the endemic and threatened Yellow Cat-
fish Horabagrus brachysoma (Giinther, 1864) (Teleostei:
Bagridae). J Threat Taxa 5(17):5368-5374

Bindu L, Padmakumar KG (2008) Hatchery seed production
protocols for conservation of endangered catfish,
Horabagrus brachysoma (Giinther), endemic to Western
Ghats, India. In: Proceedings of the 20th Kerala Science
Congress, 28-31 January 2008, Thiruvananthapuram.
India, pp 6-8

Bindu L (2006) Captive breeding protocols of two potential
cultivable fishes, Etroplus suratensis (Bloch) and

Horabagrus brachysoma (Glinther) endemic to the Wes-
tern Ghats region, Kerala, Ph.D. Thesis, Mahatma Gandhi
University, Kerala, India

Bindu L, Padmakumar KG, Sreerekha PS, Joseph N (2012)
Reproductive biology of the golden catfish, Horabagrus
brachysoma (Giinther, 1864), an endemic species of the
Western Ghats, India. J Appl Ichthyol 28(5):772-777

Brummet RE, Beveridge MCM, Cowx IG (2013) Functional
aquatic ecosystems, inland fisheries and the Millennium
Development Goals. Fish Fish 14:312-324

CICFRI (2001) Ecology and fisheries investigations in the
Vembanad Lake. Central Inland Capture Fisheries
Research Institute, Barrackpore, India, Bullettin 107

Chandran LR, Prasad G (2014) Reproductive characters of
yellow catfish Horabagrus brachysoma (Horabagridae)
from Periyar River, Western Ghats. J Aquat Biol Fish
2(1):154-161

Chhapgar BF, Manakadan R (2000) Ecology of Hill Streams of
Western Ghats with special reference to fish community.
US Fish and Wildlife Service & Bombay Natural History
Society, Bombay

Cooke SJ, Paukert C, Hogan Z (2012) Endangered river fish:
factors hindering conservation and restoration. Endanger
Species Res 17:179-191

Dahanukar N, Raghavan R, Ali A, Abraham R, Shaji CP
(2011) The status and distribution of freshwater fishes
of the Western Ghats. In: Molur S, Smith KG, Daniel
BA, Darwall WRT (eds) The status of freshwater bio-
diversity in the Western Ghats. International Union for
Conservation of Nature (IUCN) Gland, Switzerland, &
Zoo Outreach Organization (ZOO) Coimbatore,
pp 21-48

Dalvi RS, Pal AK, Tiwari LR, Das T, Baruah K (2009) Thermal
tolerance and oxygen consumption rates of the catfish
Horabagrus brachysoma (Giinther) acclimated to different
temperatures. Aquaculture 295(1-2):116-119

Dalvi RS, Pal AK, Tiwari LR, Baruah H (2012) Influence of
acclimation temperature on the induction of heat-shock
protein 70 in the catfish Horabagrus brachysoma (Giin-
ther). Fish Physiol Biochem 38:919-927

Day F (1865) On the fishes of Cochin, on the Malabar Coast of
India. Part II. Anacanthini. Proc Zool Soc Lond 1865(Part
1):286-318

Dudgeon D (2011) Asian river fishes in the Anthropocene:
threats and conservation challenges in an era of rapid
environmental change. J Fish Biol 79:1487-1524

Dugan P, Dey MM, Sugunan VV (2006) Fisheries and water
productivity in tropical river basins: enhancing food
security and livelihoods by managing water for fish. Agric
Water Manag 80:262-275

Ferraris CR Jr (2007) Checklist of catfishes, recent and fossil
(Osteichthyes: Siluriformes), and catalogue of siluriform
primary types. Zootaxa 1418:1-628

Froese R, Pauly D (eds) (2014) FishBase. World Wide Web
electronic publication version 11/2014. Electronic version
Accessed 16 June 2015

Giri SS, Sahoo SK, Paul BN, Mohanty SN, Sahu AK (2011)
Effect of dietary protein levels on growth, feed utilization
and carcass composition of endangered bagrid catfish,
Horabagrus brachysoma (Giinther 1864) fingerlings.
Aquacult Nutr 17(3):332-337

@ Springer


http://scholarlyoa.com/publishers/
http://scholarlyoa.com/publishers/

Rev Fish Biol Fisheries

Girijakumari S (2007) Resource potential of Sathamkotta Lake
with special reference to fish fauna and their sustainability.
Ph.D. Thesis, Mahatma Gandhi University, Kottayam

Hakkim J, Prasad G (2005) Growth of the yellow catfish,
Horabagrus brachysoma (Gilinther) fed with different
diets. Zoos Print J 21(1):2120-2122

Hardman M (2005) The phylogenetic relationships among non-
diplomystid catfishes as inferred from mitochondrial
cytochrome b sequences; the search for the ictalurid sister
taxon (Otophysi: Siluriformes). Mol Phylogenet Evol
37:700-720

IUCN (2015) The IUCN Red List of Threatened Species. Ver-
sion 2015.1. http://www.iucnredlist.org. Electronic version
Accessed 16 June 2015

Jayaram KC (2010) The Freshwater fishes of the Indian Region,
2nd edn. Narendra Publishing House, Delhi

Jayaram KC (2009) Catfishes of India. Narendra Publishing
House, New Delhi

Jayaram KC (1966) Contributions to the study of bagrid fishes
(Siluroidea: Bagridae) 1. A systematic account of the
genera Rita Bleeker, Rama Bleeker, Mystus Scopoli and
Horabagrus Jayaram. Int Rev Gesamten Hydrobiol
51:433-450

Jayaram KC (1955) The Palaearctic element in the fish fauna of
peninsular India. Bull Nat Inst Sci Ind 7:260-263

Jayaram KC (1952) Taxonomic notes on the fish Pseu-
dobagrus chryseus Day, 1865. Ann Mag Nat Hist 12(5):
980-983

Katwate U, Raut R, Khot M, Paingankar M, Dahanukar N
(2012) Molecular identification and ecology of a newly
discovered population of sun catfish Horabagrus brachy-
soma from northern Western Ghats of India. ISRN Zool
(419320):1-9

Kottelat M (2013) The fishes of the inland waters of Southeast
Asia: a catalogue and core bibliography of the fishes known
to occur in freshwaters, mangroves and estuaries. Raffles
Bull Zool Suppl 27:1-663

Kottelat M, Baird IG, Kullander SO, Ng HH, Parenti LR,
Rainboth WJ, Vidthayanon C (2012) The status and dis-
tribution of freshwater fishes of Indo-Burma. In: Allen DJ,
Smith KG, Darwall WRT (eds) The status and distribution
of freshwater biodiversity in Indo-Burma. IUCN,
Cambridge

Kumar KK, Sreeraj N, Ali A, Prasad G, Pereira B, Raghavan R
(2007) Fishery of Horabagrus brachysoma, an endangered
yellow catfish in Vembanad Lake and Achenkovil River,
Kerala, India. Book of Abstracts, 8th Asian Fisheries
Forum, 20th to 23rd November 2007, Kochi, India

Kumar GS, Mercy TVA, John KC (1999) Length-weight rela-
tionship in the catfish Horabagrus brachysoma (Giinther).
Ind J Fish 46:191-193

Kurian M, Inasu ND (2003) Reproductive biology of a catfish
Horabagrus brachysoma (Giinther) from inland waters of
Central Kerala. J Inland Fish Soc Ind 35:1-7

Kurian M, Inasu ND (1997) Sexual dimorphism of two inland
edible cat fishes, Ompok bimacuatus (Bloch) and
Horabagrus brachysoma (Giinther). J Inland Fish Soc Ind
29:34-39

Kurup BM, Radhakrishnan KV (2006) Indigenous ornamental
fish resources of Western Ghats with special reference to
Kerala. In: Souvenir, Ornamentals Kerala, pp 37-57

@ Springer

Kurup BM, Sebastian MJ, Sankaran TM, Rabindranath P (1995)
Exploited fishery resources of Vembanad lake 4: estimates
of marketable surplus of production. J Mar Biol Assoc Ind
37:1-10

Mo T (1991) Anatomy, relationships and systematics of the
Bagridae (Teleostei, Siluroidei) with a hypothesis of sil-
uroid phylogeny. Theses Zoolog, vol 17, pp 1-216

Molur S, Smith KG, Daniel BA, Darwall WRT (eds) (2011) The
status of freshwater biodiversity in the Western Ghats.
International Union for Conservation of Nature (IUCN)
Gland & Zoo Outreach Organization (ZOO) Coimbatore

Muneer APM (2006) Molecular genetic characterization of
Endemic Yellow Catfish, Horabagrus brachysoma (Giin-
ther). Ph.D. Thesis, Cochin University of Science and
Technology, Cochin

Muneer APM, Gopalakrishnan A, Shivanandan R, Basheer VS,
Ponniah AG (2011) Genetic variation and phylogenetic
relationship between two species of yellow catfish,
Horabagrus brachysoma and H. nigricollaris (Teleostei:
Horabagridae) based on RAPD and microsatellite markers.
Mol Biol Rep 38(4):2225-2232

Muneer APM, Gopalakrishnan A, Musammilu KK, Mohindra
V, Lal KK, Basheer VS, Lakra WS (2009) Genetic varia-
tion and population structure of endemic yellow catfish,
Horabagrus brachysoma (Bagridae) among three popula-
tions of Western Ghat region using RAPD and
microsatellite markers. Mol Biol Rep 36(7):1779-1791

Muneer APM, Gopalakrishnan A, Lal KK, Mohindra V (2007)
Population genetic structure of endemic and endangered
yellow catfish, Horabagrus brachysoma, using allozyme
markers. Biochem Genet 45(9-10):637-645

Nandan SB, Jayachandran PR, Sreedevi OK (2012) Temporal
pattern of fish production in a microtidal tropical estuary in
the south-west coast of India. Ind J Fish 59(2):17-26

Narayanan SP, Thapanjith T, Thomas AP (2005) A study of
ichthyofauna of Aymanam Panchayat in Vembanad Wet-
land, Kerala. Zoos Print J 20(9):1980-1982

Neilson M (2015) Horabagrus brachysoma. USGS Non-indige-
nous Aquatic Species Database, Gainesville, FL. http://nas.
er.usgs.gov/queries/FactSheet.aspx?SpeciesID=2913

Padmakumar KG, Bindu L, Sreerekha PS, Gopalakrishnan A,
Basheer VS, Joseph N, Manu PS, Krishnan A (2011)
Breeding of endemic catfish, Horabagrus brachysoma in
captive conditions. Curr Sci 100(8):1232-1236

Padmakumar KG, Bindu L, Manu PS (2010) In situ conservation
and stock enhancement of endemic fish resources through
captive breeding and artificial sanctuaries. Ind J Animal Sci
80(4):63-70

Padmakumar KG, Bindu L, Sreerekha PS, Joseph N (2009) Food
and feeding behaviour of the golden catfish, Horabagrus
brachysoma (Giinther). Ind J Fish 56(2):139-142

Pethiyagoda R, Kottelat M (1994) Three new species of fishes of
the genera Osteochilichthys, Travancoria and Horabagrus
from the Chalakudy River, Kerala, India. J South Asian Nat
Hist 1(1):97-116

Pelayo-Villamil P, Guisande C, Vari RP, Manjarrés-Hernandez
A, Garcia-Rosell6 E, Gonzales-Dacsota J, Heine J, Vilas
LG, Patti B, Quinci EM, Jiménez LF, Granado-Lorencio C,
Tedesco PA, Lobo JM (2015) Global diversity patterns of
freshwater fishes—potential victims of their own success.
Divers Distrib 21:345-356


http://www.iucnredlist.org
http://nas.er.usgs.gov/queries/FactSheet.aspx?SpeciesID=2913
http://nas.er.usgs.gov/queries/FactSheet.aspx?SpeciesID=2913

Rev Fish Biol Fisheries

Ponniah AG, Gopalakrishnan A, Basheer VS, Muneer PMA,
Paul B, Padmakumar KG, Krishnan A (2000) Captive
breeding and gene banking of endangered, endemic yellow
catfish Horabagrus brachysoma. Sustainable Fisheries and
Aquaculture for Nutritional Security (National Seminar),
Chennai, India. Abstract, p 99

Prasad G (2014) Protein requirement of Horabagrus brachy-
soma (Giinther 1864) an endemic and threatened catfish
from Western Ghats region. J Aquat Biol Fish
2(1):194-200

Prasad G (2008) Population characteristics, bionomics, and
standardization of captive breeding technology of two
species of endangered bagrid catfishes, Horabagrus bra-
chysoma (Gunther 1864) and H. nigricollaris (Pethiyagoda
& Kottelat, 1994). Final report submitted to the Kerala
State Council on Science, Technology and the Environ-
ment (KSCSTE)

Prasad G, Suneesha I (2013) Digestive enzyme characterization
of threatened yellow catfish, Horabagrus brachysoma
(Giinther) (Teleostei: Siluriformes: Horabagridae) at two
life stages. J Aquat Biol Fish 1(1&2):83-89

Prasad G, Charles S (2010) Haematology and leucocyte enzyme
cytochemistry of a threatened yellow catfish Horabagrus
brachysoma (Giinther 1864). Fish Physiol Biochem
36(3):435-443

Prasad G, Ali APH (2008) Morphology of the diet in the gut of
threatened yellow catfish Horabagrus brachysoma (Glinther
1864) at two life stages. Fish Physiol Biochem 34(4):385-389

Prasad G, Ali A, Harikrishnan M, Raghavan R (2012) Popula-
tion dynamics of an endemic and threatened yellow catfish,
Horabagrus brachysoma (Gunther) from River Periyar,
Kerala, India. J Threat Taxa 4(2):2333-2342

Prasad G, Raghavan R, Sreeraj N, Ali PHA (2005) Biology,
conservation and culture prospects of Horabagrus bra-
chysoma an endangered Yellow Catfish from Vembanad
Lake, Kerala (India). Sustain Fish 2005, International
symposium on improved sustainability of fish production
systems and appropriate technologies for utilization,
Cochin University of Science and Technology, Kochi,
India, 16—18 March 2005. Abstracts

Raghavan R (2006) Yellow Catfish—a potential culture species
in Southwestern India. Glob Aquac Adv 68—69

Raghavan R, Ali A (2013) Horabagrus brachysoma. The IUCN
red list of threatened species. Version 2015.1. www.
iucnredlist.org. Electronic version Accessed 18 June 2015

Raghavan R, Dahanukar N, Philip S, Iyer P, Kumar B, Daniel
BA, Molur S (2015) Conservation status of freshwater
decapod crustaceans in the Western Ghats of India: an
exceptional region of freshwater biodiversity. Aquat
Conserv Mar Freshw Ecosyst 25:259-275

Raghavan R, Dahanukar N, Knight JDM, Bijukumar A, Katwate
U, Krishnakumar K, Ali A, Philip S (2014) Predatory
journals and Indian ichthyology. Curr Sci 107(5):740-742

Raghavan R, Dahanukar N, Tlusty MF, Rhyne AL, Kumar KK,
Molur S, Rosser AM (2013) Uncovering an obscure trade:
threatened freshwater fishes and the aquarium pet markets.
Biol Conserv 164:158-169

Raghavan R, Prasad G, Ali A, Pereira B (2008) Fish fauna of
River Chalakudy part of Western Ghats biodiversity hot-
spot (South India): patterns of distribution, threats and
conservation needs. Biodivers Conserv 17:3119-3131

Reid GM, MacBeath TC, Csatadi K (2013) Global chal-
lenges in freshwater fish conservation related to public
aquariums and the aquarium industry. Int Zool Yearb
47:6-45

Renjithkumar CR, Harikrishnan M, Kurup BM (2011) Exploited
fisheries resources of the Pampa River, Kerala, India. Ind J
Fish 58(3):13-22

Sahoo SK, Giri SS, Chandra S, Sahu AK (2010a) Stocking
density-dependent growth and survival of Asian Sun cat-
fish, Horabagrus brachysoma (Giinther 1861) larvae.
J Appl Ichthyol 26:609-611

Sahoo SK, Giri SS, Chandra S, Sahu AK (2010b)
Stocking density-dependant growth and survival of
Asian Sun catfish, Horabagrus brachysoma (Gunther
1864) fry during hatchery rearing. J Appl Aquacult
22(1):86-91

Sahoo SK, Giri SS, Chandra S, Paramanik M (2011) Manage-
ment in seed production of an endangered catfish,
Horabagrus brachysoma during its hatchery phase.
Aquacult Asia 16(4):26-29

Sahoo SK, Ferosekhan S, Paramanik M, Swain SK (2014)
Hatchery production of the yellow catfish, Horabagrus
brachysoma in India. World Aquacult 52-54

Sahoo SK, Giri SS, Paramanik M, Ferosekhan S (2015) Larval
age at stocking, growth, and survival during fingerling
production of the endangered sun catfish, Horabagrus
brachysoma. J Appl Aquacult 27:144—149

Sajan S (2013) Factors affecting duration of motility of sper-
matozoa of Yellow Catfish, Horabagrus brachysoma
(Giinther, 1864) in the River Pamba of South Kerala. Fish
Chimes 32(12):42-45

Sarkar UK, Lakra WS (2010) Small indigenous freshwater fish
species of India: significance, conservation and utilisation.
Aquacult Asia Mag 15(3):34-35

Shaji CP, Laladhas KP (2013) Monsoon flood plain fishery and
traditional fishing methods in Thrissur District, Kerala. Ind
J Tradit Knowl 12(1):102-108

Sreeraj N, Raghavan R, Prasad G (2007) Some aspects of the
fishery of the threatened Yellow Catfish, Horabagrus
brachysoma from Vembanad Lake and a note on their
landings in Vaikom, Kerala, India. Zoos Print J
22(4):2665-2666

Sreeraj N, Raghavan R, Prasad G (2006) The diet of Horabagrus
brachysoma, an endangered bagrid catfish from Lake
Vembanad (S. India). J Fish Biol 69:637-642

Sridhar H (2013) One fish, two fish, three fish: collective
counting and democratic conservation in Kerala’s back-
waters. Curr  Conserv  8(3) http://www.currentcon
servation.org/?q=issue/8.3 Electronic version Accessed
18 June 2015

Sullivan JP, Lundberg JG, Hardman M (2006) A phylogenetic
analysis of the major groups of catfishes (Teleostei: Silu-
riformes) using ragl and rag2 nuclear gene sequences. Mol
Phylogenet Evol 41(3):636-662

Swaminathan TR, Basheer VS, Gopalakrishnan A, Sood N,
Pradhan PK (in press) A new epithelial cell line, HBF from
caudal fin of endangered yellow catfish, Horabagrus bra-
chysoma (Gunther, 1864). Cytotechnology

Talwar PK, Jhingran AG (1991) Inland fishes of India and
adjacent countries, vol 2. Oxford & IBH Publishing Co Pvt
Ltd, New Delhi

@ Springer


http://www.iucnredlist.org
http://www.iucnredlist.org
http://www.currentconservation.org/?q=issue/8.3
http://www.currentconservation.org/?q=issue/8.3

Rev Fish Biol Fisheries

Thomas KR (2002) Habitat and distribution of hill stream fishes
of southern Kerala (south of Palakkad Gap). Ph.D. Thesis,
Mahatma Gandhi University, Kerala

Thomas KR, George MJ (2013) Ichthyofauna of Pallikkal,
Ayroor and Mamom Rivers, Southern Kerala, India. Mil-
lenn Zool 14(1):16-20

Thomas KJ, Sreekumar S, Cheriyan J (2003) Muriyad wetlands:
ecological changes and human consequences. Project
Report submitted to the Kerala Research Program on Local
Development, Center for Development Studies, Thiru-
vananthapuram, Kerala, India. Accessed from www.cds.
ac.in/krpcds/report/johnthomas.pdf

Zeena KV, Beevi KSJ (2011) Fish diversity in Ithipuzha and
Murinjapuzha, Kerala, India. J Bombay Nat His Soc
108(2):98-102

@ Springer

Predatory journals

Rao S, Shenoy KB, Sreepada KS (2013) Inventory on fish
species diversity from selected water bodies of Dakshin
Kannada and Udupi Districts of Karnataka, India. J Envi-
ron Sci Comput Sci Eng Technol 2(4):1104-1114

Shetty A, Venkateshwarlu M, Muralidharan M (2015) Effect of
water quality on the composition of fish communities in
three coastal rivers of Karnataka, India. Int J Aquat Biol
3(1):42-51

Venkateshwarlu M, Shetty BAK (2013) Range extension of the
species Horabagrus brachysoma in Udupi District of
Karnataka, India. J Int Acad Res Multidiscip 1(7):80-86


http://www.cds.ac.in/krpcds/report/johnthomas.pdf
http://www.cds.ac.in/krpcds/report/johnthomas.pdf

	Fishery, biology, aquaculture and conservation of the threatened Asian Sun catfish
	Abstract
	Introduction
	Taxonomy and systematics
	Distribution and habitat
	Diet and feeding habits
	Reproduction in the wild
	Population
	Fishery
	Conservation and management
	Aquaculture
	Captive breeding and embryonic development
	Larval and fry rearing
	Nutrition and health management
	Ecophysiology
	Grow-out culture

	Priorities for research
	Acknowledgments
	References




