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Abstract Mahseer are popularly regarded by anglers as
the king of freshwater fishes, and are valued across the
Himalayan and South-east Asian regions. In India, mahseer
are important game fish. Mahseer populations and their
habitats face a range of anthropogenic threats, however, in-
cluding unregulated fishing and habitat fragmentation as a
result of hydro-development projects. Catch-and-release
angling for mahseer attracts both national and international
anglers and could provide information about rivers while
generating revenue for regional economies. In this context,
we evaluated catch-and-release angling records from rivers
that flow within two Indian reserves (the Ramganga and
Jia Bharali Rivers in Corbett and Nameri Tiger Reserves, re-
spectively). Golden mahseer Tor putitora in the Ramganga
and golden and chocolate mahseerNeolissochilus hexagono-
lepis in the Jia Bharali were the most frequently caught fish
species. Catch data suggested these game fish populations
are probably not negatively affected by angling activities.
Interviews with stakeholders highlighted support for
catch-and-release angling, mainly because of its perceived
economic benefits. The data obtained in this research
could potentially assist with both fish conservation and
the protection of associated aquatic ecosystems.
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Introduction

River fishes provide a range of ecological functions and
services. Some species control trophic structure and

others indicate the environmental health of a river system
(Sarkar & Bain, ; Schindler, ). Fish provide a
protein source for many communities in developing
countries (Lakra et al., ), offer recreation through

catch-and-release angling (Pinder & Raghavan, ), and
potentially act as flagship species for conservation (Gupta
et al., ). However, the growing human population and
ever increasing demand for water result in water pollution,
flow modification, destruction of habitats and invasion by
non-native species, and degrading of fish stocks (Everard
& Kataria, ; Jena & Gopalakrishnan, ), and reduce
the range and degree of services provided by river fish.

In India fish have not received the same level of conser-
vation attention as more visible, terrestrial species (Pinder &
Raghavan, ). Policies for fish conservation have suffered
from formulation and implementation delays as a result of
poor management practices (Sarin, ; Ribot & Agrawal,
), and community-based conservation has struggled
to protect rivers outside village jurisdiction (Gupta, ).
At a federal level, no freshwater fishes are listed in the
Schedules of Protected Species in the Indian Wildlife
(Protection) Act,  (Sarkar et al., ). There is a clear
need, however, to formulate and implement conservation
strategies to protect freshwater fishes and their habitats
(Pinder & Raghavan, ).

Catch-and-release angling (i.e. capturing using rod and
reel, and releasing fish, as a leisure activity) could be widely
offered through region-specific environmental guidelines.
This type of angling is a popular leisure activity and could
provide benefits to local stakeholders (Pereira et al., ).
For example, a -day angling tour for three anglers on the
Ramganga River, India, in  generated USD ,, and
in the same location in  anglers spent USD , on
food and accommodation (Everard & Kataria, ).
Catch-and-release angling also generates income for other
national economies. In Alaska catch-and-release angling
generates USD  billion annually (Zwirn et al., ).
Catch-and-release angling for the yellowfish (Labeobarbus
spp.) in the Orange Vaal River, South Africa, is valued at
USD  million annually (Impson et al., ). In
the right setting, the provision of catch-and-release angling
is a stable and profitable undertaking (Arismendi &
Nahuelhual, ).

Along with economic benefits, catch-and-release angling
can enhance conservation (Arlinghaus, ; Granek et al.,
; Pinder & Raghavan, ). For example, the Deccan
mahseer Tor khudree populations in the Cauvery River,
South India, are protected by associations among local
stakeholders and catch-and-release anglers (Pinder &
Raghavan, ). Catch-and-release anglers can also provide
important information to assist conservation via reporting
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of fishing effort and data on fish caught (e.g. species identi-
fications, individual length & mass), which are typically re-
corded in logbooks kept by fishing clubs and individual
anglers (McGarvey et al., ; Cooper, ). Such data
can also aid scientists and policy makers in the design of
management actions.

Mahseer are of angling interest because of their renowned
fighting abilities and are regarded by anglers as the king of
freshwater fishes (mahseer refers to fish of the genera Tor,
Neolissochilus and Naziritor in the family Cyprinidae).
Two popular mahseer in India, the golden mahseer Tor
putitora and chocolate mahseer Neolissochilus hexagonole-
pis, face threats from activities such as poaching and the con-
struction of barrages and dams (Nautiyal et al., ; Pinder
& Raghavan, ). These species receive some protection,
however, in the Ramganga and Jia Bharali Rivers in the
Indian Himalayan region where the rivers flow through
the Corbett and Nameri Tiger Reserves.

The aim of this research was to examine the potential of
catch-and-release angling as a monitoring and management
tool for the protection of mahseer in the Ramganga and Jia
Bharali rivers. These rivers were of special interest because
they are within the legislatively defined boundaries of tiger
reserves and may thus receive indirect protection, and there
are recreational catch data for – for both rivers. Our
specific objectives were to evaluate catch-and-release data
for mahseer species, and to investigate the opinions of
stakeholders towards catch-and-release angling and its
potential as a management tool.

Study area

The Ramganga is a perennial river originating at –m
altitude in the north-west of Almora district in Uttarakhand.
In  local angling associations obtained a lease from the
Uttarakhand Forest Department for a  km length of the
Ramganga River within Corbett Tiger Reserve. The goal of
the angling associations was to protect mahseer populations
through catch-and-release angling. During –
catch-and-release angling increased on the Ramganga, at-
tracting both national and international anglers, resulting
in economic benefits for some local stakeholders (Everard
& Kataria, ). In July  catch-and-release angling with-
in all protected areas was halted by the Supreme Court of
India (Ajay Dubey vs National Tiger Conservation
Authority (special leave petition no(s)./)). The
order was to safeguard tiger Panthera tigris habitats by halt-
ing human activities within tiger reserves. The
catch-and-release angling associations located on the
Ramganga were directly affected as all angling was banned
within the boundaries of Corbett Tiger Reserve. However,
catch-and-release angling is still permitted on reaches of
the Ramganga River outside Corbett Tiger Reserve, and

this is where the majority of foreign and Indian anglers visit-
ing the region now fish.

The Jia Bharali is a major tributary of the Brahmaputra
River, with c.  km lying within the Nameri National Park.
Catch-and-release angling permits were issued for the river
through the Assam (Bhoralli) Angling and Conservation
Association. As on the Ramganga, all catch-and-release
angling was banned within the Park boundary in .

Methods

Catch data for fish caught by national and international
catch-and-release anglers during – were obtained
from the logbooks of angling associations on the Ramganga
and Jia Bharali Rivers. The logbooks include total number
and weight of fish caught (Table ) and unsuccessful angling
events. Catch-and-release angling events generally lasted for 
hour, whether successful or not (catch-and-release angling
guides, pers. comms). In all cases these data were willingly
provided by the angling associations (the Mahseer
Conservancy and the Himalayan Outback on the
Ramganga River, and the Assam (Bhoralli) Angling and
Conservation Association on the Jia Bharali River).

The catch per unit of fishing effort (CPUE; number of
fish caught/number of hours angling) was calculated for
the most frequently landed fish. A one-way ANOVA was
used to test whether there were differences in CPUE and
mean weight of individual species across years. It was not
possible to assess differences between rivers because of
gaps in the data for individual species and annual variations
in fishing effort on the Jia Bharali River.

We conducted semi-structured interviews with stake-
holders near Corbett Tiger Reserve and the Ramganga
River during –. Interviews were not conducted in
Nameri Tiger Reserve because of logistical constraints.
The aim of these interviews was to explore themes related
to catch-and-release angling, in particular conservation
benefits for fish, the availability of economic incentives,
and conservation concerns. Interviewees were identified as
conservationists (individuals generally opposed to angling,
blaming it for harming river habitats and wanting to see
stricter enforcement of guidelines for angling), people di-
rectly associated with angling (Indian catch-and-release an-
glers and catch-and-release angling association workers) or
local people (residing along the Ramganga River). The inter-
viewees were sampled based on their availability during the
field survey, their willingness to participate, their residence
in villages near the Ramganga River, and whether they had
an association with local catch-and-release angling. The
total number of responses obtained for each group de-
pended on the approachability of individuals and their
availability and willingness to participate. The –minute
interviews were conducted during .–..
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The research was first explained to the each partici-
pant. Issues such as security, access and privacy of col-
lected data were explained to each respondent. The
interviewees chose whether to participate. Care was
taken to allow respondents to express their opinions,
and leading interviewees to an answer was avoided. The
responses obtained from interviewees were recorded
under the themes of conservation benefits, economic in-
centives and conservation concerns.

Results

Catch data

Two hundred records ( fish landed and  unsuccessful
angling events in a total of  hours of fishing) for –
 were obtained from the logbooks of the two angling as-
sociations on the Ramganga River. Fish landed included the
golden mahseer, Bagarius spp., Labeo spp. and Bangana
spp. (Table ). For golden mahseer, mean annual CPUE ran-
ged from . (–) to . (–) but there was
no significant difference (P = .) across years, and weight
landed (Fig. a) was –, g (Table ) and not signifi-
cantly different across years (P = .).

Three hundred and ninety records ( fish landed and
 unsuccessful angling events in a total of  hours of

fishing) for – were obtained from the logbooks of
the angling association on the Jia Bharali River. Fish landed
included the golden and chocolate mahseers, Raiamas spp.
and Wallago spp. (Table ). For golden mahseer, mean an-
nual CPUE ranged from . (–) to . (–
; Table ) and was significantly different across years
(P = .), and weight landed (Fig. b) was ,–, g
and significantly different across years (P = .). For choc-
olate mahseer, mean annual CPUE ranged from . (–
) to . (–; Table ) and was significantly dif-
ferent (P = .) across years, and weight landed (Fig. c)
was ,–, g and significantly different (P = .)
across years.

Stakeholders’ views

A total of  individuals ( conservationists,  Indian
catch-and-release anglers,  catch-and-release angling
association workers, and  local residents) were inter-
viewed. Their views are summarized in Table  under
three themes.

Conservation benefits Fifty percent of conservationists
indicated there was limited protection for fish but
suggested that the presence of catch-and-release anglers
deterred the use of illegal fishing methods such as

TABLE 1 Summary of catch records from the catch-and-release angling log books of the Mahseer Conservancy, Himalayan Outback and Jia
Bharali angling associations for the Ramganga and Jia Bharali rivers, with the total number of golden mahseer Tor putitora landed, total
number of hours spent angling, catch per unit effort (CPUE), and total number of other fish landed (including chocolate mahseer
Neolissochilus hexagonolepis).

Year*

Ramganga River Jia Bharali River

No. of golden
mahseer

No. of hours
angling CPUE No. of other fish

No. of golden
mahseer

No. of hours
angling CPUE No. of other fish

1999–2000 18 107 0.17 62 chocolate mah-
seer, 7 Raiamas spp.

2000–2001
2001–2002
2002–2003 12 38 0.33 14 chocolate mahseer
2003–2004 30 67 0.45 7 chocolate mahseer
2004–2005 12 28 0.43 0
2005–2006 4 18 0.22 0
2006–2007 12 47 0.26 0
2007–2008 3 18 0.17 3 Bagarius spp.,

2 Labeo spp.
2008–2009 6 24 0.25 2 Bagarius spp. 14 43 0.33 6 chocolate mahseer,

9 Raiamas spp.
2009–2010 16 46 0.35 0 53 142 0.37 22 chocolate mah-

seer, 10 Raiamas spp.
2010–2011 47 102 0.46 0 44 134 0.33 43 chocolate mah-

seer, 3 Raiamas spp.
2011–2012 37 74 0.50 1 Tor spp., 1 Bagarius

spp., 1 Bangana spp.
7 28 0.25 2 chocolate mahseer,

2 Wallago spp.

*The angling months of October–June, the peak angling season on these rivers before the arrival of the monsoon rains
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dynamiting and poisoning. The other % of
conservationists did not comment on this issue, either
because of their lack of engagement with catch-and-release

angling or because they did not wish to support the
activity openly (as stated by them). All catch-and-release
anglers indicated that catch-and-release angling was
beneficial for mahseer and other fishes. Individuals in this
group stated that economic opportunities generated
through catch-and-release angling had brought together
stakeholders, including local people. Anglers were also
positive about how angling raises the profile of some fish,
particularly golden mahseer. Amongst angling association
workers, % indicated that catch-and-release angling had
been crucial for the survival of mahseer (as angling
prevented illegal fishing, which continued to occur
upstream of angling locations), and % stated that the
involvement of local stakeholders was critical for
sustaining this approach. Amongst village members, %
indicated that patrolling and guarding of river reaches had
provided protection for the mahseer but % indicated that
river reaches upstream from angling sites required urgent
attention to ensure successful river and fish conservation.

Economic incentives Amongst conservationists, %
acknowledged that monetary benefits were provided to some
local communities but % stressed that more money should
percolate into local communities to secure support from
stakeholders. All catch-and-release anglers indicated that
local employment opportunities (e.g. catch-and-release
angling guides, cooks, porters, cleaners) and economic
benefits (e.g. through catch-and-release angling revenue)
had increased substantially as a result of catch-and-release
angling. Similarly, all association workers indicated there was
considerable income for local people involved in
catch-and-release angling, and there was a flow of revenue to
local communities located near catch-and-release angling
locations. Amongst village members, % indicated there
were economic benefits to some village members (e.g.
guides) but stressed they were not satisfied with the amount
of money reaching their communities (although %
indicated that this amount was better than nothing).

Conservation concerns Amongst conservationists, %
indicated that although catch-and-release angling
provided monetary incentives for local stakeholders, some
inexperienced anglers visiting the region were causing
harm to the river ecosystem (e.g. destroying vegetation to
reach suitable angling sites) and to the fish (e.g. using
unsuitable hooks, and long and poor handling of landed
fish). Other conservationists were concerned with the
absence of an appropriate attitude to conservation (e.g.
lack of awareness of the target species) among some
catch-and-release anglers. All catch-and-release anglers
indicated that use of illegal fishing techniques was
harming fish and threatening the sustainability of angling
activities in the region. They wanted more patrolling by

FIG. 1 Box-and-whisker plots of the weight of (a) golden mahseer
Tor putitora caught during – on the Ramganga River, and
(b) golden mahseer and (c) chocolate mahseer Neolissochilus
hexagonolepis caught during – on the Jia Bharali River
(the box contains the first and third quartiles and the band is the
median, and the whiskers indicate the minimum and maximum
values). Although the angling logbooks contained catch data for
– for the golden and chocolate mahseer in the Jia Bharali
river (Table ) the data did not include the weight of individual fish,
hence there are no box-and-whisker plots for this year in (b) and
(c). A year is the angling months of October–June, the peak angling
season on these rivers before the arrival of the monsoon rains.
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forest officials and harsher punishments for offenders. All
association workers indicated that the use of dynamite for
catching fishes was damaging river ecosystems, and that
those responsible should be prosecuted. Amongst local
residents, % stated that unless pressures to upstream
river reaches could be contained they would struggle to
conserve downstream reaches, % believed that tougher
penalties could deter the perpetrators, and % felt that
awareness about river ecosystems should be encouraged
by targeting local communities living beside rivers.

Discussion

Catch data recorded in logbooks are an inexpensive source of
fishing data, especially in areas where regular scientific sur-
veys have not been possible (Bishop et al., ; Sampson,
). Logbooks can also be a valuable source of data on
the spatial distribution and amount of effort involved in fish-
eries (McGarvey et al., ; Cooper, ). Catch data from
logbooks for catch-and-release angling on the Ramganga
River showed that the interquartile range of the weight of
golden mahseer decreased from  to  (Fig. a). On
the Jia Bharali River there was a stable catch weight of both
golden and chocolate mahseer during – (Figs b,c)
but the interquartile range of weight varied during years and
was smallest in –, probably as a result of the

decreased catch in these years (Table ). However, with sig-
nificant differences in CPUE and fish weight (also probably
driven by annual variation in effort) during –, there
were no discernible patterns suggesting stable fish popula-
tions on the Jia Bharali River.

Although these data can provide information on fish
population dynamics the data cannot be used to estimate
population size. Therefore there are ongoing efforts to esti-
mate population sizes of mahseer on the Ramganga River
(N. Gupta, unpubl. data). The combination of quantitative
population estimates and data from recreational catches
can provide monitoring data and facilitate a citizen-science
based approach for mahseer conservation (Bonney et al.,
).

The robustness of the catch data from the catch-
and-release angling association logbooks could be questioned
(Walsh et al., ; Marriott et al., ). However, despite the
limitations of these data (Mosindy & Duffy, ; Jansen
et al., ) there are no reasons for the catch-and-release an-
glers to report data incorrectly. These datawere recorded vol-
untarily and were not being collected for either management
or stock assessment (Sampson, ), and logbooks aremain-
tained by catch-and-release angling associations primarily to
monitor whether target fish species are likely to be present at
angling sites. The accuracy of these data ensures a sustainable
catch-and-release angling business.

TABLE 2 Summary of the views of four groups of local stakeholders on the conservation benefits and economic incentives of, and conser-
vation concerns for, catch-and-release angling on the Ramganga River.

Criteria Conservationists (n = 20)
Indian catch-and-release
anglers (n = 19)

Angling association workers
(n = 22) Local residents (n = 23)

Conservation
benefits

Presence of catch-and-release
anglers on river prevents
illegal fishing; some pre-
ferred not to comment

Catch-and-release angling
beneficial for all fish species;
economic opportunities
bring key stakeholders
together; catch-and-release
angling raises profile of target
fish species

Catch-and-release angling
crucial for survival of mah-
seer species; dynamite fish-
ing prevented at angling
sites; local stakeholders’
involvement critical for
conservation

Regular patrolling &
guarding of river reaches
provides protection to all
fish species; upstream
reaches of rivers need
attention to sustain
long-term conservation

Economic
incentives

Some monetary benefits
provided to local communi-
ties; more money from
catch-and-release angling
should percolate into com-
munities, to help secure
support

Local employment opportun-
ities & economic benefits

Considerable income for
local people involved in an-
gling activities; revenue for
local communities based
near angling locations

Economic benefits to
some village members;
low satisfaction with
amount of money reach-
ing communities; the
money available for local
communities is better
than nothing

Conservation
concerns

Some inexperienced anglers
causing harm to river eco-
systems; lack of conservation
awareness among some
catch-and-release anglers

Illegal fishing techniques
harming fish species, with
sustainability of angling
under threat; more patrolling
by concerned authorities
required, & harsher
punishments

Use of dynamite for catching
fish damaging river ecosys-
tems; perpetrators need to be
brought to justice

Pressures on upstream
river reaches needs
attention; tougher penal-
ties to deter illegal fishing
techniques; spreading
conservation awareness
of river ecosystem, tar-
geting local communities
living along rivers
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The incorporation of local stakeholders is widely accepted
as vital for the success of conservation (Granek et al., ),
and engagement of and support from local stakeholders is
crucial for the success of river conservation policies
(Everard & Kataria, ). More importantly, stakeholder
participation in locally targeted conservation projects has
the potential to protect fish (Pinder & Raghavan, ).
We found that conservationists were sceptical that
catch-and-release angling associations could contribute to
the protection of fish species, although someof the interview-
ees suggested that the presence of catch-and-release anglers
on river banks discouraged illegal fishing practices. There
was overall agreement amongst conservationists that if en-
vironmental rules are observed during catch-and-release an-
gling, this activity could play an important role in fish
conservation.

It was stressed by a majority of the interviewees that more
profits from catch-and-release angling should reach local
communities. To gain support from conservationists
(which is key for the transfer of knowledge), catch-and-
release angling associations need to follow the guidelines
for angling, and address the issue of improved profit-sharing
for local communities.

The catch-and-release anglers emphasized that angling
was advantageous to mahseers and to other fish species.
Anglers believed this was because of the apex, ecological
role of mahseer species in river ecosystems. It was added
that catch-and-release angling had demonstrated the ability
to bring key local stakeholders together whilst also raising
the profile of game fish. Nevertheless, catch-and-release
anglers wanted more patrolling by authorities, for control-
ling illegal activities and to help sustain catch-and-release
angling.

Local people were concerned that upstream river
stretches required improved protection to facilitate the con-
servation of the river stretches used for angling. The sympa-
thies of this group towards conservation indicates their
importance as stakeholders for river conservation. However,
the concerns of some local people regarding profit sharing
need to be examined by the catch-and-release angling
associations, to ensure the long-term support of the local
residents.

Despite the benefits it has been suggested that, in general,
angling negatively affects fish communities and aquatic food
webs and ecosystems (McPhee et al., ; Cooke & Cowx,
; Arlinghaus, ; Granek et al., ). However, we
believe that any shortcomings of catch-and-release angling
depend on the history, laws, culture and economic environ-
ment of a country (Arlinghaus et al., ), and ecosystem
management should take into account the benefits available
from an ecosystem and how best to harness them for conser-
vation strategies (Arismendi & Nahuelhual, ) through
economically viable use of natural resources (Zwirn et al.,
). It is important to note that the angling experience

of catch-and-release anglers depends on the well-being of
the fishes they target (Arlinghaus, ; Granek et al.,
). Any decline in target species will have an effect on
the quality of the angling experience. More importantly,
the economic viability of the angling industry is imperilled
by threats to rivers and fish (Danylchuk & Cooke, ),
and therefore there has been a surge in collaborative ap-
proaches between catch-and-release anglers and stake-
holders, often giving rise to successful fish conservation
(Granek et al., ; Pereira et al., ; Cowx et al., ).

Although the mahseer species targeted by catch-
and-release anglers are categorized as threatened on the
IUCN Red List, catch-and-release angling is not recorded
as a threat in the species accounts. There is potential for
catch-and-release angling to be a monitoring tool for fish
conservation in India and elsewhere. Catch-and-release
angling offers economic opportunities to local stakeholders
and provides incentives for resource protection and main-
tenance of ecological integrity. It also helps generate local
support through capacity building and sustainable develop-
ment (Granek et al., ; Pinder & Raghavan, ), and
contributes to conservation by providing data (i.e. catch
statistics, environmental monitoring) whilst also being a
tool for the conservation of rivers and fish.
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